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TH E 

TREATMENT OF SEWAGE. 

Liquid Excreta. 

Every adult male person voids on an 
average 60 ozs. (= three pints) of urine 
daily. The 60 ozs. contains an average 
of 2.53 ozs. of dry solid matter, consist- 
ing of — 

Urea t 512.4 grains. 

Extractives (pigment, mucus, uric 

acid) 169.5 

Salts (chiefly chlorides of sodium 

and potassium) 425.0 



(( 



(( 



1166.9 ** 
=2.58 ozs. 

The urine, therefore, of a population 
of 10,000 adults may be taken as 600,000 
fluid ozs., or 3,760 gallons per day. 

Urine rapidly decomposes, the urea be- 
coming the volatile body carbonate of 
ammonia, and the urine thereby losing a 
valuable manurial constituent. A.fter «. 



iC-»r.l^.«' i-t.^*^i:'-? ::r:tii«:cs .: •ictfi:ni|wai- 
'i.z tr-r r-T .iT-ziL To -'fill-fi.':; and prescrre 
iriiT. :*_'rr-::i:'r. ^reseE.:^ prarti*:*! diffi- 
::l"-:t< T_t k. — : 2-;^ fr:ci stale urine 
■s^ i.^ : :c:t7.t .LL.<-:Ll.-ri.: izi .■ocvwted into 
t. -^Ir-Ji'V. i3 '.ot^rc^rTillr- near Parisw 

ETfr7 i.lil: i-iil-r r-rr««:2. toLLs about 
l.T." ■ :rr.i.:i.^ :r 4 rrs?. :f f:eoes dailj-, of 
■^^...i L To p-er .••f:::. :s inois'ure. The dry 
: *:-:.v.l CLMZr:! "p.j^^rrd -.laiiv 13 therefore 
a'; . :: 1 :z. u-ri- a-.iv^: Le;id of the popa- 
::i.::ii. O: inis-/'". :*::u matter, about 
S> ;er oei::. :> -.-rgMiiL* miitter \ot which 
p:i.it> are ii:iL:;^'eu an. I 12 per cent, in- 
or;::tnic, •.-! wLicli i parts are phosphoric 
acid. Of this drv f:vo:\l matter 11 per 
cent, is soluble iu water. 

Taking a population of 10,000 adults, 
H follows that the moist fiecal matter 
passed daily is equ:U to 2.500 lbs. (=1 
ton, 2 cwt., 8 lbs.) or 1.116 ton, whilst 
the dry fiecal matter is ei][ual to 625 lbs. 
(5 cwt., 2 qrs., 9 lbs.). 



The facts, therefore, respecting the ex- 
creta of d. population of 10,000 adults 
may be thus tabulated : 

Table I. — FiBCAL Matter passed per 
10,000 OF Adult Population per diem. 

Pounds. 

Moist faecal matter excreted 2,500 

Dry ** " ** (calculatinrg 

75 per cent, as moisture) 626 

Soluble in water=68.55 lbs. 
Insoluble in water =556.45 lbs. 



\ j 



625 



Table II. — Urine and FiBCES passed per 
Day by 10,000 Adults. 





Total 
solids. 

Moist 
lbs. 
2500 


Water. 


Solids 
dry. 

lbs. 

625.0 
1581.21 


Solids 
soluble. 


Solids 
insol- 
uble. 


Faeces 
Urine. 


Gallons. 

187.5 
8750.0 


lbs. 

68.55 
1581.21 


lbs. 
556.45 






3987.5 


2206.21 


1649.76 


556.45 



The following table has been adapted 
from Letheby. The quantities given are 
somewhat below the normal. The fayc^ta 
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were collected from a number of sou 
the ratio of children to Rdulta being 
adopted by Roderev and Eichhorn. 

My own experiments would lead me to 
give one pint as an average qiiiintity of 
urine passed by cbildrun daily up to the 
ftge of ten years, the quantity gradually 
increasing up to three pints in the adult. 
The solid ponetituenta of the urine which, 
at the age of ten, are on an average 0.8 
OZ. daily, increase, according to my ob- 
Bervation, up to 2.5 ozs. in the adnlt. 
The quantity passed by girls and women 
is rather less than that passed by boys 
and men. 

The fseces passed by girls and women 
ftre considerably lees than that passed by 
boys and men. The calculations in the 
table state the amount as leas than one- 
third. My own observations, however, 
scarcely siipjmrt these numbers. It would, 
I think, be more accurate to regard 1 
focal matters passed by female cliildre 
and adiills as about one half that p 
by male children and adults. 
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Value op Night Soil (Human Excreta). 

Urine, in its natural condition, has a 
theoretical value of between 15s. and 16s. 
per ton. The dry solid matters of the 
urine have a theoretical value of about 
£18 168. per ton. 

The quantity of ammonia per year 
voided by the average individual in the 
urine has been stated as from 10 lbs. to 
11.32 lbs., having a value on the lower 
quantity of Gs. 8d.« and on the higher of 
78, 3d. ' 

IVcal matter, in its moist and natural 
condition, has a theoretical value of £1 
7s, Bil per ton. The dry sohd matters 
of f«»v.*es have a theoretical value of £5 
1 7s, 7d, per ton. 

The quantity of ammonia voided per 
year in the f«e.>e6« by an average individuaL 
is estimatevl at ] .64 Ib{$., having a value 
of about 1$. 3d. 

The estimates? given above are based 

ou the agricultural values of the nitr\.^gen 

calculated as ammonia* ti.>gether with the 

/>ir. c:/>6«.>rto«oxd and potassium salr^s^ these 

t^iet^ ouuerials of sparing o^^?arrc^3Je<fe ^x. 



land, bnt entering largely into the oomfj 
position of every vaiieiy of iigrioultural ■ 
produce. Lime, magnesia, and 
equally eBseutial to plttnt development, 
occur largely in moBt soils. The details 
are stated in the second table. 

Bespecting the value of the nitrogen, 1 
however, of sewage, Voelcker regards J 
it as at least of 10 per cent, lees valae.! 
than the nitrogen of ammoniacal t 
ready formed. 

Authorities differ between 6s. 6d. audi 
£1 in estimating the annual value of tbs J 
excreta of one adnlt. Thudichnm gives -j 
it at £1: Hufmann and Witt at lis. g^d-i j 
Voelcker at Os. ; Lnwes and Way at 8b. ■ 
5fd. ; Anderson, of Glasgow, at 8s. 

In the table we have estimattd the 
mixed excreta of the population as worth 
16b. 8d. per ton in their natnral condition, 
Aod the solid matter of such mixed ex- 
creta aa worth £14 16e. 4d. per ton. 

In this tabk. moreover, no corrections' J 
are made in stating the value of the eoltd' 
eoQBtituenls, either for the loss i 

K (hat would occQT &\w™% iss^^oi 
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tioD, or for the soluble phosphoric acid 
of the fresh excreta becoming insohible 
by its combinatiou with Hme, after dry- 
ing. No doubt the loss from these causea 
is considerable, and tend to show that, 
when used as a m&nnrial agent, sewage 
should be applied to the land in its fresh 
state. 

These estimations of value are theoret- 
ical only. Cesspool matter in Paris fetch- 
es from 1 franc to 1 franc 25 cents per 
cube meter (about 1 ton), whilst in Hol- 
land and Belgium the ayerage is one shil- 
ling per head per annum for the excreta. 
It would scarcely be an esaggerati(tn to 
place the real value of the excreta at 
about one-sixth their calenlated value. 

Certain comparisons, in respect of fer- 
tilizing power (and, therefore, of agrical- 
tnra! vulue), are worth noting : 

1 lb. of human excrement = 13 lbs. borse dung. 



larcai^H 



12 



Yearly excreta (solid and liquid) of one adult 
=75 lbs. of Peruvian guano (Voelck- 
er). (This will yield 3.2 bushels 
of grain.) 

Yearly excreta (solid and liquid) of one adult 
= Yield of suflacient nitrogen (16.41 
lbs.) to furnish the nitrogen of 
800 lbs. of wheat, rye, or oats ; or 
900 lbs. of barley, value £5. 
(Boussingault.) 

Middens. 

Sewage absorbents. — The cesspool and 
the midden were the first attempts at col- 
lecting excreta, not so much, however, 
for the purpose of profit as with the idea 
of preventing nuisance. The cesspool 
had many and great disadvantages, not 
the least of which were the noxious in- 
halations evolved, the necessity for occa- 
sional emptying, and the pollution of the 
drinking water of the wells in the neigh- 
borhood. The ash pit midden had, and 
has, its advantages and its difficulties. 
Of the difficulties, the education of the 
people to use them properly was chief, a 
difficulty, however, that applies almost as 
much to water closets as to middens. A 
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second difficulty in tbe use of the middenB 
coueisted iu securing proper scavenger- 
ing arrangements by the local authority ,'a 
difficulty, it may be again noted, not one 
iota less great in secuiing the efficient 
treatment of sewage. Provided the mid- 
den be regularly attended to and proper- 
ly ponstrncted, e. g., erected away from 
the house — the pit small — roofed in so 
as effectually to etop out rain or other 
■water — floored with eloping flags to ren- 
der the removal of the contents easy — 
impervious to surface water and not 
drained, dryness of contents being 
effected by the use of ashes well Jistrib- 
Oted over the soil — there are move fib- 
jectional ways of dealing with refuse 
than by the midden system. Under eon- 
ditions of indmdnal and general super- 
Tteion, the compost, i( sufficiently often 
removed, need not^te a niiisance. But if 
tbe midden be neglected by the pnblio 
(mthority and by the householder, no 
doubt it may become a prolific source of 
disease, as Manchester and Liverpool 
I teBtify. 
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I The advantages of the pail system arc 

not to be overlooked. Thus the pails are 
always placed outside the house ; whilst 
a certain regular process of inspection ie 
rendered necessary, ensuring the detec- 
tion of a nuisance before it becomes a 
source of danger. In time of epidemics, 
again, disinfectants may be extensively 
used in the pails as they are being dis- 
tributed. 

Another great advantage of the mid- 
den system is to be found in the diver- 
sion of excremeutal matters from rivers 
and watercourses. Much sewage at Man- 
chester is thus kept out of the River Med- 
lock. Strange to say, however, the Riv- 
ers Pollution Commissioners (Dr. Frank- 
land) state that the sewage from water 
closet towns is no worse than that from 
midden towns. The following is an ab- 
stract of the results recorded by Dr. 
Frankland : 
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Average Eesults. 

Matters in Solntion. 

Total Chlo-Total Ni^ 

Solids, rine. rogen. 

Midden town sewage (37]. g^^g ^^q 453 
samples from 15 towns) >^ ui.w 

Matters in 
Suspension. 

Total. Orjiranic. 
Midden town sewage (37 ) ^^ gg I49I 

samples from 15 towns) ) 

Matters in Solution. 

/ ' -^ 

Total Chlo-Total Nit- 
Solids, rlne. rogen. 
Water closet town sew-) 
age (50 samples from 17 > 50.54 . 7.46 . 5.41 
towns) ) 

Matters in 
Suspension. 

TotaL Organic. 
Water closet town sew-) 
age (50 samples from^ 31.29 .. 14.36 
17 towns ) 

On this, one question suggests itself — 
how is it that the suspended matter in 
the sewage of midden towns is almost 
identical with that from water closet 
towns, seeing that Dr. Frankland states 
that an average of 25,561 tons of solid 
matter per annum is annually kept out of 
the sewers at the several midden towns 
mentioned. 
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The pail system may consist either in 
the use of a little disinfectant or of some 
absorbent material. 

Adopting Mr. Gilbert E. Eedgrave's 
classification of the pan, pail and midden 
systems of disposing of sewage, we shall 
discuss the subject under the following 
three heads : — I. Pails without absorb- 
ents. II. Pails with absorbents. III. 
Pails used for the joint collection of ashes 
and excreta. 



. I. Pails Without Absorbents. 

Of these the Eochdale system may be 
regarded as principal. In support of the 
non-use of any absorbent, it is urged 
that to keep out " the profligate as- 
sociate" is a main object; concentration, 
not increase of bulk, being the point to 
be aimed at. The execreta and dry house 
refuse should be collected at intervals in 
separate tubs of special construction, the 
excreta tub being fitted with an air-tight 
lid, so that transport may be efi'ected 
without causing a nuisance. The cost 
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per pail per annum is about 5s. 8d. The 
ashes are carefully screened and sorted. 

From the experience of many towns 
(Eochdale, Salford, etc.) it would appear 
that two men and one horse (say at a 
working cost of £3 per week) can remove 
600 tubs or pails per week, each pail con- 
taining an average of 84 lbs. of excre- 
mental matter. This equals 22^ tons per 
week at a working cost of 28. 9d. per ton. 
At Rochdale 10,112 pails were in use in 
1882, the weight of excreta collected be- 
ing 8,518 tons and of refuse ashes 18,396 
tons, from 15,289 houses and 237 mills 
and workshops, with an estimated popu- 
lation of 65,500. In 1881, 552 tons of 
manure was manufactured. It is calcu- 
lated that each tub is used by 9.2 per- 
sons living in 2.2 houses, the yield being 
2.07 cwts. of excreta per head per annum. 
At Halifax it was calculated that each 
tub is used by 10.9 persons living in 2.6 
houses, the yield being 3.26 cwt. of ex- 
creta per head per annum. At Birming- 
ham the returns give from 9.6 to 11.5 lbs. 
per week per head. 



\i 
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n. Pails With Absorbents. 

In many places the use of boxes, pails, 
or tubs, charged with various absorbent 
materials (ashes, etc.) has been adopted. 
Numerous substances have been suggest- 
ed as absorbents. Of these Liebig re- 
commended coarsely powdered bog turf, 
and Stanford charred seaweed Stanford 
claims that seaweed is three times, weight 
for weight, as eflfective as dry earth (1 
cwt. being sufficient for one month for a 
closet daily used by six persons). He 
claims, moreover, that it is easily reburnt, 
and that the ammonia and fixed salts 
have been recovered, the charcoal remains 
as effective as before. Various forms of 
refuse too have been suggested as ab- 
sorbents, of which may be noted, refuse 
wool or shoddy, dry horse dung, spent 
dye stuffs, etc. At certain towns spent 
dye wood (such as fustic), in the manner 
suggested by Goux, viz., ramming into a 
tub by a central core, so as to give a uni- 
form lining to the tub, has been employed. 
Thus splashing is prevented. This method 
necessitates the frequent removal of the 
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excreta (otherwiae the absorbent lining 
would break down and a semi-liqnid mass 
result), and it is also neceseary that the re- 
ceptacle should be tightly secured before 
removal, to prevent escape of offensiv* 
effluvia during tranait. 



III. Pill.a USEB FOB THE JoiNT CoLI,BO»J 

TioH OF Ashes and Excbeta. 

Of tbis method the system adopted a 
Nottingham is a case in point. HeretheJ 
tub takes the place of the midden pit. Ifea 
IB to be noted that the itehes are of leasF 
quantity in summortime, when the chance^ 
of nuisance is greatest. 

With respect to the mechanical appU- 
uices suggested for sifting the ashes, bo 
as to apply only the smaller breeze to the J 
axcreta, practice proves them somewhafe:! 
uaeuccepsful. ^ 

The compost is removed evi-r^' two or 
Qiree months and conveyed to the manure 
wharf, where it is emptied into barges and 
sold at a price that covers two-thirds of g 
tlw cost of scavenging. 
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sistency of treacle (about one-tenth the 
original bulk.) 

I do not propose discussing the pneu- 
. matic system of collecting excreta. In 
certain places on the Continent (Paris, 
Milan, &c.), the sewage is collected in 
water-tight cesspools. These are emptied 
by atmospheric pressure, the contents 
being forced into movable exhausted 
iron tanks, through flexible tubes lowered 
into the cesspool for the purpose. By 
this means the escape of noxious effluyia 
is supposed to be prevented. 

The cost of removing the excreta at 
Paris is about £5 per house per annum. 
The material is converted at Villette in- 
to poudrette, great nuisance resulting. 
. The arrangements of Liemur (which have 
been adopted in Amsterdam, and to a cer- 
tain extent in Prague), are, in many re- 
spects, similar. Liemur suggests cess- 
pool tanks being placed in the middle of 
a street, each tank communicating with 
from fifteen to twenty houses. 

The systems of Berlier, partly in use 
in Paris since 1881, and ol ^^ioti^., ^ 
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method of pumping sewage by small 
pneumatic pumping engines, the power 
being generated at a central station, need 
only be mentioned. 
As general rules we consider : 

1. That the removal of the pails 
should be under the control of the local 
authority. 

2. That on an average they should be 
renewed once a week, a dean, well- 
washed pail being substituted for the 
full one. 

3. That air-tight covers should be fit- 
ted to the pails before removal, and that 
they should be conveyed in air-tight vans 
to the dejiot. 

The utilization of the excreta collected 
in pails is a matter of great difficulty. At 
best a low class of manure results, unless 
some form of concentration be adopted. 

Voelcker states that having examined 
every form of night-soil manure, he never 
found one having a theoretical value 
greater than £1 per ton, imless the 
manure had been specially fortified with 
^uano, or superphosphate, or sulphate of 
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ammonia, etc. The better varieties he 
valued at from 15s. to 17s. 6d. per ton, 
whilst those less carefully prepared were 
not worth more than from 7s. 6d. to 12s. 
6d. 

The Earth Closet. 

The disinfecting power of earth has 
been known from remote antiquity. In 
China, the formation of a manure by mix- 
ing earth with the excreta is of ancient 
date. 

In this country Eosser in 1837 pro- 
posed the admixture of urine and frocal 
matter with earth, lime, etc. The sug- 
gestion took no practical 8hai)e until 
1858, when the Rev. Henry Moule, the 
vicar of Fordington, investigated th(i dis- 
infecting and deodorizing power of earth 
on privy soil. As the result he invented 
his earth closet. At his own vicarage, 
where the cesspool proved to be danger- 
ously near the well, he abolished tlie cess- 
pool, and placed buckets beneatlj tlje imns. 
Their contents were, in the first instance, 
mixed with dry sifted earth, earth after- 
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wards being- placed in the backet itself, and 
the compost left to consolidate in a shed. 
After fiTe or six weeks he found thai the 
material had entirelv lost its offenaiTe 
odor, and was snfficientlv drr to be nsed 

m m 

again. Thus eyentuallT he not only dia- 
infeeted his sewage, bat produced a ma- 
nore containing one- third its weight of 
dry excrement The next point was the 
mere mechanical constraction of a closet^ 
worked h\ a handle, with contriyances to 
secore the apphcation of a proper pro> 
portion of dry earth. The earth may, 
however, be thrown into the closet in one 
application daily, a method adopted in 
the latrines at Lancaster, which are under 
the control of the local authority. 

As regards the earth best adapted for 
the purpose, a well-dried clayey earth, 
that is, a heavy soil loaded with clay, holds 
the first place ; peaty earth comes next, 
although for efficiency a long way behind 
a clayey earth. *The peaty earth used at 
the Wimbledon Camp in 1867 was not 
satisfactory, as it produced a wet and 
sour compoBt. Sand and clay are found 
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to have very little deodoriziDg' power, 
and are therefore ill suited for the earth 
closet The clay soil must be well dried 
artificially (for in a damp condition its 
absorbent power is inferior), and after 
drying, powdered and sifted. 

About 4^ lbs. of dry earth per head 
per day (i.e., IJ lbs. for each visit, three 
visits being allowed for each person) is 
required to obtain a consolidated and un- 
oflfeneive compost. This qunolity was 
ultimately used at tbe Dorset County 
J«l, the 3 lbs. per head of earth, used 
in the first instance, being found insuf- 
ficient. A village of 1,000 persons wonld 
need, therefore, about 2 tons of dry earth 
per day. Tbe dry earth aystem was used 
at the Dorset County School, at the vil- 
lages of Halton and Aston Clinton near 
"Windover, in Lancaster, and at the Wim- 
bledon Camp. In this latter case Dr. 
Baohanan closely investigated the work- 
ing of the process. 

After the removal of the earth it may 
bo dried and returned to the closet nutil 
iti uiinurial value inBt.itie& \\.«. %q.W. 
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As regards composition and value of 
the product, much will depend on the 
demand, and on the method adopted in 
working (i.e., how many times the mate- 
rial had been used). At Lancaster the 
compost fetched 7s. 6d. to 10s. per cubic 
yard. At Dorset County Jail it reached 
£1 per ton, and at the Dorset County 
School £2 to £3 per ton. Perhaps 10s. 
per head of the population annually might 
be taken as an approximate value. 

The dry earth system has certain defi- 
nite advantages over the water closet. 
The first cost is less. It reduces the 
quantity of water required by each house- 
hold. The closet is less liable to go 
wrong, to suffer injury from frost, or to 
be damaged by improper substances be- 
ing thrown into it. No doubt an intelli- 
gent person can manage it, but if it be 
used in villages it should be managed by 
the local authority, easy access to the 
closets by the scavengers being in such 
case indispensable. Of course a dry earth 
system does not supersede the necessity 
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for some independent means of remoTing 
slops, rain, and subsoil water. 

A still further advantage claimed for 
the earth closet is the manurial value of 
the compost, and the ease with which it 
may be stored until required. 

No doubt the earth closet has its ob- 
jections. Of these a certain filthiness 
(real or imaginary), and the difficulties of 
supplying the necessary quantity of dry 
earth and of removing the compost, are 
those chiefly urged. No doubt the col- 
lection of material that may be more or 
less foul as the closet has or has not been 
attended to by the scavengers, and the 
after distribution of the compost, com- 
pare, at first thought, unfavorably with 
the cleanliness of water, and the ease 
with which it serves to convey the filth 
from the closet to the field. But this as- 
sumes (1st) no misadventure of the water- 
carried sewage between closet and field ; 
(2d) a farm and a crop ready at all times 
and seasons — wet or dry, summer or 
winter — to receive and to appropriate it ; 
and (3d) no escape ol ixonsioxi^ ^5&:c^::ta. 



and jaioBma, no spread of disease, and 
no pollution of water coursea, How far 
such assumptions are realized, I shall 
consider presently. 

Eartt closets have been largely used, 
and tbeir use is rapidly extending, in In- 
dia, where the drying of the earth is a 
comparatively easy process. The author- 
ities in India, in 18G7, reported to the 
Secretary of State that Moule's system, 
which was then generally employed in 
the barracks, jails, hospitals, and public 
institutions of the three presidencies, had 
been found to be a great public benefit 
I can, myself, bear testimony to the ex- 
cellent results of the dry earth system 
where the elusets are properly attended 
to — proper earth used — and the materials 
properly dried. 

Sewagk. 

"We now tarn to water-carried sewi 
— its compijsition, value and treatmeBH 

By the phrase " the sewage of a t' 
is implied : 

(1.) The excreta (solid and hqui 
ibe population. 



(2.) The refuse from kitchens, laun- 
dries, etc 

(3.) The draiuings from stables, alaugh- 
ter-houses, etc. 

(4.) The liquid impurities resulting 
from various trade operations (brewer- 
ies, dyehouses, fellm on genes, etc.) 

(5.) The waahingB of public thorough- 
res, etc. 

(6.) Domestic and subsoil water. 

To speak broadly, we may define sew- 
age as " the refuse of com muni ties— their 
habitations, streets and factories." 

It is manifest, therefore, that it is not 
possible to define broadly what consti- 
totes "average sewage." The quantity 
iSJlil quality of the sewage of a town will 
bo influenced by the following amongst 
othtr conditions ; 

(1.) The number and nature of the 
inamifaGtures and trade operations peou- 
liar to the place, and which are drained 
ioto the sewers. 

(3.) The existence of an excessive 
DtimlMr of stables (such as result from 
tbe presence of borrtickBV 
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(3.) The volume of water supplied to 
the iohabitante. 

(4.) The proportion of rain or Burfaoe 
water admitted into the sewers. 

(5.) The quantity of subsoil water tl 
leaks into tlie sewers, 

(6.) The density and general habita^ 
the people. 

{7.) The season of the year. 

(8.) The time of day. 

Sewage may be enbdivided into — 

1. Domestic sewage. 

2. Manufacturing refuse. 

3. Bain and stoiTa water. 

We shall find, when we come to discusB 
the treatment of sewage, the first great 
difficulty is the large quantity to be dealt 
with. It has been suggested to meet 
this difficulty of quantity by adopting a 
duplicate set of sewers, the one for sew- 
age proper (domestic and manufacturing), 
and the other for storm and rain water, 
or at any rate for the larger part of tha^ 
raJD water. For irrigation purposes, a 



31 

donbt, it ia desirable to have the domes- 
tic sewage aB little diluted as possible, 
bnt for chemicnJ treatment dilution within 
certain limits iB not an evil. A separate 
system must be more expensive, besides 
'which it robs the sewers of one means 
of natural and effective flushing, Buch ae 
occurs after heavy rains. It also eicludes 
from the sewage to be treated many ma- 
terials ie.ff., road washings), that certainly 
need treatment as much as, if not more 
than, any sewage proper. To limit the 
water for removal of filth to its smallest 
quantity is a sound principle, but there 
is a danger in over- reduction. The most 
earnest advocates of the separate system 
scarcely see their way to esclnde from 
the pubho sewers the rain falling on pri- 
vate property, as this would for the most 

t necessitate two sets of house drains. 
It may be admitted that both the separ- 

L and combined systeuis have their 
jueritA and defects, and that certain local 
oonditions may determine the choice of 
the system. 



The argumentB used in favor o( a s^ 
arafce Byatem are : 

(1.) Greater uniformity in tbe quaa^fl 
of sewage couTeyed, 

(2.) The prevention of deposits, 1 
meuBioDB of the pipes being capable i 
more accurnte adj aBtment, permitli] 
them to be daily filled to their n 
at the hour of maKimum flow. 

(3.) If the sewage has to be pumpt 
expense will be saved by the limita 
of quantity. 

(4.) Prevention of floodings from the 
capacity of the sewers being overtaxed, 
or from obstruction taking place in the 
surface chaniiele during times of heavy 
rain, or on the occurrence of a rapid 
tbaw after a long period of snow. Dan- 
ger arising from tbe gases in the sewers 
being forced by the rush of watei' thus 
filling the sewer, being driven through 
the nearest outlet, and possibly through 
house connections, will be avoided. 

(5.) Prevention of precipitation, and 
so of deposit in the sewers, from earthy 
matter (such as building lime) being car- 



Tied in &t storm time, together with road 
detrif.uB, leaves, etc., and wbicli, under 
ordinary GODdttionB, might not beremoved 
imtil the next heavy rain. 

(6.) If obgtructiDQ occurs, a compara- 
tively small volnmt! of water will be suf- 
ficient to flush the sewers effectively on 
acGonnt of the relative smallness of pipe. 

(7.) That with small pipes, good venti- 
lation of the sewers may be more easily 



(8.) That the nuisance arising from or- 
ganic matters being carried into the pipes 
at the time of storm, and puti-efying on 
the upper portions of the sewer pipe, 
where, under normal conditions of flow, 
it forms a slimy coating and develops 
awarme of organisms, will be prevented, 
the sewers being filled ditily to their max- 
imtim workiug capacity. 

(9.) That the quantity of sewage to be 
dealt with would be greatly decreased. 

On the other sid<j it is urged that, 
however sound it may appear in theory 
to urge " the rainfall to the river, the 
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sewage to the eotl," there are tat 
objections to the separate STstem : 

1. Tbat it is practicallj itnpoBsible thai 
to separate raio water and sewage, thiogt 
tbat ought not to be in the rain wat^ 
pipes being certain to get there. 

2. That the road washings and nlth 
making the first wash of a heavy storm; 
is most often far more filthy than tht 
very worst sewage, and, therefore special 
ly requires trefttment. | 

3. That storm water is the natural flnslj 
water for the sewers. 

It may be said that the third objection 
may be met by automatic flush tanks j 
the second, by effective scavenging ; th^ 
first by educating the people. We faav« 
not yet attained the ideal of saoitar^ 
wort. A separate system would, I fea^ 
mean the intermittent pollution of ous 
water-courses. There are legal diffioal> 
ties, too, in carrying it out, which I will 
not discuss. 

I do not deal with the question of oost^ 
except to say that the mere size of pipt 
ie Bot the only, nor is it the main qaW 
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tion to be considered m laying pipes, t' 
excavation, paving, etc, being practically J 
the eame, whether pipes be large i 
small. 

Composition of Sewaoe. 

Sewage, we have naid, ie a compleXTd 
fluid; DO Absolute average analysia c 
therefore be stated. It wiJl, however, bfi'l 
a good starting point to regard the aver- 
age sewage of London as a standard, and 
to speak of sewage of greater polluting 
power ae a strong sewage, and of less 
polluting power, as a weak sewage. 

A large niimber of samples of London 
sewage were examined by Dr. Frankland 
and myself between 1883 and 1884. The 
following are certain average details 
worthy of record. The results are stated 
in grains per gallon of 70,000 grains : 

Matlera in solullon... 49.77 28.42 45.3t8 
Matters in aunpensiou. 163.9 21 .4 48.05 

Ammonia 6.527 2.615 8.0)3 

Chlorine 8.33 5.67 7,31 

Organic cftrbon 3.S47 2,118 3.069 

Organic Ditrogea 2.676 0.964 l.TS 

Average ratio ot S W> C — \ -. "V-ll. 
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Tfaese results, however, take no note 
of tme etorm sewage. 

Whilst an assistant of Dr. Letheby, I 
made, jointly with him, a very large series 
of anftlrsea of sewage from ten of the 
large city sewers, the rate of flow being, 
on an average, 3,500 gallons per minute. 
The following are average details : 



Day Night Slor 
Sew. , Sew- "■'■ 
age. age. 



SOLTTBLE MaTTEBS 

(a ) Orgittiie 

Contwning nitrogen 
(b.) Mineral. 

Contuning phoepbor 

Contuning potusli. . 

SiTSPBSDBD MATTRna. . . 

{a.)(>rpx.nic _ .... 

Conlamingnitrogen. 
(h.) Minrral 

Containing phosphor 

Containing potasli . . 



55.7405.09 i 70. 2G 

15.08 7.42 I 14,75 

5.44 5.19 7.S6 

40.66 57.67 I 55.71 



It may be of importance to record that 
at the time the samples were collected 
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for analysis, 37.5 gallons (6 cubic feet) 
was contributed per head of the popula- 
tion. Of this, 80 per cent, was repre- 
sented by the water supply. The follow- 
ing table exhibits, therefore, the weight 
in pounds of the chief constituents |of 
375,000 gallons of sewage (mid-day sew- 
age being taken for comparison) fur- 
nished daily by 10,000 people, and its 
subdivision into excretal and non-excretal 
refuse : 



Constituents of 375,000 
gallons. 



Soluble Maitees 

(a.) Organic 

Containing nitrogen . 

(b.) Mineral 

Containing phosphor- 

IC aClQ 

Containing potash. . . 



Suspended Matters 

(a.) Organic 

Containing nitrogen 

(b) Mineral 

Containing phosplior 

ic acid 

Containing potaaVi. . . 



Total. 
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Putting these restilts in a few words, 
we may say every 10,000 persons in Lon- 
don contribute, on an average, 376,000 
gallons of sewage daily, and that this in- 
cludes about 1,671 lbs. of organic matter, 
containing 333 lbs. of nitrogen, and 335 
lbs. of mineral matter, containing 94 lbs. 
of phosphoric acid and 69 lbs. of potash. 

Of course the total quantity in any 
given town will depend on a variety of 
causes. It is certain to be as much as 
the water supply, but it may be a great 
deal more. In London, as we have said, 
it may be taken that 80 per cent, of the 
sewage is represented by the water sup- 
ply- 

Hofmann & Witt (1857) examined the 

sewage from the Savoy street sewer, an 
average sample being obtained by the 
admixture of samples taken hourly dur- 
ing the twenty-four hours. The results 
were as follows, stated in grains per gal- 
lon: 

(a.) Organic: 30.70 

Containing nitrogen 6.76 

(5.) Mineral (?) 

Containing phosphoric acid 1 . 85 
potash \S^% 
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A large number of sludge depositB (to 
which DO precipitant was added) have 
been eiamiued for the purpose of deter- 
mining the ratio of organic nitrogen to 
organin earbon. The results are marked 
by a great want of iiniformit.v, ranging 
from a ratio of 1 to 3.1, to a ratio of 1 
to 9.1. 

Major Scott, after a review of a large 
number of analyaeB, says : " We may as- 
sume that with each [one] p^^rt of the 
three fertilizers, niti'ogen, phosphoric 
acid, and potash, there will be aesooiated 
in the sewage shidge of London '20 parte, 
25 parts, and 56 parts respectively, of 
organic matter " 



Nilrogen to organic matter.. . 
Phoaplioric acid to organic a 
PotHsb lo orgrinic mailer 



It will be impossible (or us to discusa 
the pollution from sources other than 
excreta, which, together, make up the 
oomplei: fiuiJ we designate sewage. With 
respect, however, to stable ( 
would note tbat an average horse e: 



1 draiuage, I i 
orse excretes I 
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thirteen times as much fsecal matter by 
weight, and about fifteen times as much 
urine, as an adult man. It may be noted 
further, that both horses and cows pro- 
duce by respiration about thirteen or 
fourteen times as much carbonic acid as 
an adult man, and as a consequence viti- 
ate the air in the same ratio. (Taking 
1,200 cubic inches as the quantity of CO, 
produced per hour by a man, 14,750 
inches is produced by a cow or horse.) 

There is, however, a not unimportant 
consideration which occurs in consider- 
ing the character of a town sewage, viz., 
the feeding of horses. The difficulty of 
dealing with the stable refuse where the 
horses have been fed upon maize, is far 
greater than where the animals have been 
fed on ordinary corn. In my own ex- 
perience as a health officer I have had 
abundant evidence of the peculiarly of- 
fensive character of the manure in such 
cases. 

In all inquiries respecting the sewage 
of a town, the nature and amount of the 
Jiguid refuse from manufacturing works 



41 

(if admitted into the sewers) needs most 
careful con ei deration, Of these I may 
specially mention brewery refuse, the 
waste being of a siognlarly offensive na- 
ture. To add to the dilBcuIty, a consid- 
erable quantity of yeast is discharged 
with the waste liquor, whilst the high 
temperature of the refuse intensifies the 
trouble of treatment The refuse from 
certain dye works, etc., are also difficult 
to deal with. 

As regards street washings, the follow- 
ing details may be worth noting : Granite 
roads were found at the time of a heavy 
shower to diachai'gd water into the gul- 
leys containing 800 grains of solid matter 
per gallon, of which 219 grains were in 
solution and 52U in suspension. The 
precise composition of the washings, will, 
howevBr, depend on many conditions, 
Buch Evs extent of ti-affic, previous period 
of drought, etc. Tiie water from wood 
paving, taken about the same time as the 
ftbove, was found to contain 50 grains of 
solid matter per gallon, of which 40 wua 
i& Bolntion and 10 in Bus^etiKi'stt. "fewssR. 
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20 Bamples of road waBhingfl taken from 
all kinds of roada, under circumstances aB 
nearly as posBible similar to the condi- 
tions named above, were mixed together. 
The water contained 280 grains of solid 
matter per gallon, of which 120 were in 
Bolntionand 160 in Buspension. 

It would be outside my province to 
discuss the engineering details of a sew- 
age scheme. Yet let me note that sajii- 
tary medicine must take cognizance of 
sewage in its progi'ess through a town. 
There must be sufficient velocity, as wej 
as an economy of scouring power, in o 
der to prevent the solid matters froi 
collecting. The ventilation of the s 
is again a qnestion of importance upojl 
which authorities differ, and no wondei 
seeing how formidable are the difficultiea 

DiecBABOE OP Crude Sewage into Rivi 

Nothing is more certain than that t 
discLarge of crude sewage into a river ii 
unadvisable. It is, in fact, a method G 
shifting a nuisance from the nuisanD^ 
producer to hie immediate neigVibor. Til 



43 

fiTils arising from such lUscharge depend 
mainly upon the auspeuded matter in the 
sewage. Thie, first of all, fluats about 
near the outfall, certain portions of the 
organic matter combining witli aluminouB 
compounds from alluvial mud raised by 
tides and steamers. In time, deposition 
takes place. In the coiu'se of flow the 
various ingredients are tomid to deposit 
more or less in the order of tbeir specific 
gravity. The first deposits are mainly 
mineral, with small quantities of organic 
mattei' caiTied down at the same time. 
The later deposits are mostly finely di- 
vided organic matter, along v^ith a small 
quantity of mineral matter. Thus there 
oocui's, as the result of flow, a natui'al 
sorting of the matters in suspension. 

The organic impurities of the sewage 
in this munuer collect in tbe bed of the 
river and ultimately putrefy. The gases 
developt^d and bottled up in time render 
the solids sufficiently buoyant to rise to 
the surface, where the gases of putrefac- 
tion (sulphur and phosphorus compounds 
for the most part] ai-e given. ott> tUe «alvS. 
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matter aguiii sinking to tindergo freefai 1 
putrefiictive ehangea. 

Tbus tbe iiuiBtince from tbe diachni'ge ] 
of sewage into tiie river may be far more'l 
offensive at a sliort distance from the ^ 
outfall, tban at tlie outfall itself. Fur- 
tbei', at a point of slack water, the uuia- 
ance arising from these solids in Buspen- 1 
sion may be greatly aggravated. 

Ab regards the matters in solution, . ] 
provided tbe sewage be snfBeiently di- 
luted and allowed a certain flow, compteM J 
purification will be effected by oxidation. -1 
This fact is now-a-days admitted by ] 
nearly all chemists, and need not detoia | 
us further. Tbe self- purification 
ning water is, howevei', not to be regardi ■! 
ed as an argument in support of allowing^, J 
crude sewage to be discharged into wM 
river. 

Id 1876, a committee of the Loeaffl 
Government Board was appointed to4 
make special inquiry into the practiodS 
efficiency of the chief systems of sewaj 
disposals then in operation, and fat 2 
which Joans had been sanctioned by t 



Board, It reported in 1876 {Sewage 
DispOBnl, Report of a Committee, 1876): — 

"4. That moat rivers and streams are 
polluted by a discbarge into them of 
crude sewage, which practice is highly 
objectionable.'' 

" 5. That, as far as we have been able 
to ascertain, none of the existing modes 
of treating town sewage by deposition 
and by chemicals in tanks appear to effect 
much change beyond the separation of 
the solids, and the clarification of the 
liqnid. Tlint the treatment of sewage in 
this manner, however, effects a consider- 
able improvement, and wben carried to 
ite greatest perfection, may in some cases 
be accepted." 

"6. That, so far ne our examinations 
extend, none of the manufactured ma- 
nures made by manipulating town's re- 
fuse, with or witliont ebemifals, pay the 
contingent costs of soch modes of treat- 
mtinti neither has any mode of dealing 
separately wil.h escreta, so as to defray 
the cost of collection and preparation by 
a sole of the manure, been bcovLftUt >ja4*.« 
our notice." 
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" 7. That town sewage can best and 
most cheaply be disposed of and purified 
by the process of land irrigation for 
agricultural purposes, where local con- 
ditions are favorable to its application, 
but that the chemical value of sewage is 
greatly reduced to the farmer by the fact 
that it must be disposed of day by day 
throughout the entire year, and that its 
volume is generally greatest when it is 
of the least service to the land." 

" 8. That land irrigation is not practi- 
cable in all cases ; and, therefore, other 
modes of dealing with sewage must be 
allowed." 

This being the sewage with which we 
have to deal, our object is twofold : — 

(1.) To make use of aoy valuable con- 
stituents that it may contain ; and 

(2.) To purify it. 

Sanitary requirements, however, de- 
mand that no nuisance should result in 
the course of the operation of treatment. 

The Value of Sewage. 
The basis on which the theoretical 
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calculation of the value of sewage ma; 
be determined, is, authorities euggeet, 
simpiicitj itaelf. 

It may be conceded that the animal 
excreta are, practically, the only constitu- 
ents of uianurial value. 

Having determined the value of the 
excreta of a mixed population, it is only 
necessary to know (1) the population of 
any given town, and (2) the quantity of 
sewage produced dnring tlie twenty-four 
hours, to estimate the manurial value of 
the eewage. It may appear strajige, 
however, the question being one, we are 
told, of such simplicity, that authorities 
before the Select Committee of the 
House of Commons (1862) should have 
stated it HO variously as from Jd. to 9d. 
per ton. Certain details upon which 
these money estimates were founded may 
be noticed. 

The Rivers Pollution Commissioners, 
who fix its value at about 2d. per ton, 
say; "The money value of these con- 
stituents (combined nitrogen, \ikasQU.am 
acid and saJts o! ^oto-ftVi, <t%w:)W<6&. "ai. 
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100 tons of aTersffe eewage, is about 15s., 
ivhilBt that of the eiispended matters ifl ' 
about 2b. Tbat is to say tliat 100 tons 
of average sewage are worth 17s., 
abont 2d. per ton." 

Hotmann and Witt arrived at a similar 
otmclnsion. Six-sevenths, they say, of 
the valuable matters hi sewage are in so- 
lution. 'Reckoa that 700 tons of sewage 
contains one ton of solid matter, having 
a total money value of £6 Os. 3d. (£5 6b. 
for dissolved matters, and l&s. 3d. for 
suspended matters), it fallows that the 
one ton of sewage is worth about 2d. 

Lawee and Gilbert arrive at a similar ' 
conclnaion. Reckoning the diy weather 
sewage of London as 24 gallons daily per , 
head (^ 40 tons per head per annum), 
and the ammonia as 10 lbs. per head per ] 
annum, the money value would be 2d. 
per ton, whUst if the ammonia be token at ', 
12^ lbs. per head per annum, it would be i 
2id. per ton. 

Take it, says another authority {Mr. 
■Bailev Denton), that the fertilizing el©. 
fuenta of one person ^wortb, \6t ■a 



8b. 4d. per year) are diluted with 61 tons 
of water (an averape quantity contributed 
by each individual to the outflow from 
towns), the value of sewage is 88. 4d. 
divided by 61, or l§d. per ton. 

Sucli are some of the estimates. 

But there were tboee who deaired to 
be still more precise in their cidculatiuns. 
Authorities who desh'ed to be cautious 
valued the London sewage, when the 
population was 3.(100,000, at £1,000,000 
sterling, that is at the low estimate 
(ridiculouH to many people) of Gb. 8d. as 
the annual value of each pei-sou's excreta. 
The two chairmen of pnrliamentary com- 
mittees (Ml'. Brady and Lord Robert 
Montagu), utter a long inquiry, tame to 
the oondusion that London sewage is 
equal in manurial value to 212,842 tons 
of Peruvian guano, with a aiaiket price 
of £2,890,000. Hofmann and B'rankland 
considered that 1,250 tons of London 
sewage contained the fertilizing uiatters 
of one ton of Peruvian guano, whilst a 
very great authority indeed, one befoTA 
whom the chem\ca\ -wotVA ■ya.tiOvs ^m-^-i'-a.^ 
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admiration, would liBten to nothmg' leBfrl 
ae the anniifU value ot the metropolit^^ 
sewage than £4,081,430. 

Such being the teachings of Gcience a 
to the value of sewage, nothing was moK 
natural than to urge upun authorities it^l 
application to land. And here let me a 
at once, that I distinguish between utili- 
zation of the sewage and its purification. 
I coneider them together, but they are 
totally different questiuns. 

Science had its story to tell. The 
land acts, first, as a mechanical filter, and, 
Eecondly. as a chemical laboratory. As 
a filter, the larger insoluble particles are 
arrested on its siu'face, whilst the smaller 
are entrapped a few inches down. The 
water is absorbed. /. e., each earth particle 
becomes covered with a liquid coating. 
Now follows the work of the chemical 
laboratory. The enoi-mous surface < 
liquid thus formed is favorable to C' 
ing the combination of osygen with 1 
organic impni-itles of this subdivided 
sewage watej', carbonic acid and i 
together yriih nitric acid, oxidtA\OTi.\i«fl: 
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aseisted poasibly by the presence of 
certain micro-organiemB reButting. The 
organic nmtters on tlie surface soon un- 
dergo slow burning. The nitric acid ia 
your plant feeder. 

The process of slow burning is the 
work of oxygen, whilst that of nitrifica- 
tion, as tiie reseaj-phes of Pastenr and 
Wftirington iiave shown, is due to the 
combined work of oxygen and of certain 
lower forms of Ufe. Hence, to purify, 
you need not only a flow of sewage, but 
a flow of air, that is, constant movement 
regulated in its order. As regards the 
lower organisms, they may be already in 
the soil or be provided by the sewage. 
The purifying power of a soil, liowever, 
is peculiar to itself. You cannot com- 
pletely control aeration, although drain- 
age and loosening of soil will promote it, 
and an excess of irrigation stop it. Id j 
fact, the soil, as a purifying agent, is, tO m 
say the least, capricious. m 

Purilieation, the action of the soil, is ' 
greatly assisted by the action uf vegeta- 
o'on. Id winter Ume, wWn \li\tet»! S* -wa 



vegetation, tbe soil only must do t 
work. 

Entbusiasta full of fttifct were fonnd to 
embark in private sewage farms, whilst 
local authorities, anxious to save the 
rates, offered the sewage to farmers ig! 
their neighborhood for a correspondl 
return. 

It was not long, however, before i 
certain unpleasRnt awakening occurr 
owing to the farmers decHning i 
accept the sewage. 

Heasons for this were sought. Wasq 
due, as was suggeateil, to the ignoraacH 
of farmers, and tht-ir blind attachment ti 
old-fashioned ways ? This contantiq| 
was scarcely feasible, seeing how keei 
they appreciate newly invented i 
(e. ff., superphosphate, alkaline nitrate 
etc.). new implements, new methods ) 
aubsoil drainage, etc. 

Men began to suspect one 
things, either that there was (a) so^ 
obstacle to the agriculturii] use of t 
age; or (*) that its theoretical value % 
very /ar from being its ^ractvonvV vi(«*i! 
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But other facta than thoHS addnced by 
the mere workicg farmer, presented 
themselves in the failure of Ithe farming 
attemptB of enthusiastic irrigationiBte. 
Despite the statement of Mr. Edwin 
Chadwick, who, in 1844, propounded bi8 
views with the authority of the Board of 
Health, that htjuid manure was at all 
timea preferable to solid manure, and 
suitable for all crops and all soila, we 
have to record one long series of miser- 
able failures in the attempt to find ex- 
perimental proof of theoretical estimates. 
The failure of Mr. Smith's farm (Dean- 
atone), of Mr. Neilson's farm, of Mr. 
Telfer's farm, of Mr. Kennedy's farm, 
(MjremiU), of Mr. Huxtable'a farm, of 
Mr. Chamberlain's farm, of Mr. Little- 
dtde'a farm, and of Mr. Mechi'a farm (all 
of which eases have at various times 
been held up as wonderful tllnetrationa 
of the money suocei^s of irrigation) sup- 
ply the unanswerable answer to Mr. 
Sdwjn C'badwick and his school. 

The ItiiRby farm was prouoimced "im- 
remaaev&tiv6 " by Itu fit&X. 
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whilst it was abandoned by Mr. Con- 
greve, and by Mr. Walker, who succeeded 
Mr. Campbell. The story of one and all 
sewage farms is a history of commercial 
failure. 

The irrigationists, however, still point- 
ed those who doubted the commercial 
success of sewage farming to the Craig- 
entinny meadows in Edinburgh. We 
were told (correctly no doubt) that in 
good seasons £20 to £30 worth of green 
produce had been realized per acre (say 
£25 average). But it is no secret : 

(1.) That in these meadows the quan- 
tity of sewage used has been from 
10,000 to 13,000 tons per acre ; in other 
words, taking the produce as worth £25, 
the sewage employed had a value, irre- 
spective of rent and farming expenses, of 
less than ^d. a ton. 

(2.) That the sewage was not used 
continuously, and when not wanted on 
the land, was diverted into the sea. 

Nothing is more certain than that the 
theoretical value calculation of sewage, 
based on the supposition tVia\. \Xi^ ixi^- 



narial elements of a sewage, extracted 
and dried, are Uieir value in solution, 
mnst be regarded as an extravagant 
dream of enthusiaBm. Such calculations 
have entirely overlooked tbe effects of 
dilution, and the presence of a mass 
of wortlileas laaterial. Nn,y, raore, the 
"profligate aseociates," as they have 
been called iu sewage, are not merely 
worthless, but worae than worthless. 
Sewage in this respect is not singiilar. 
Thus, whilst rotten farmyard manure may 
have an estimated value of 15s., its prao-> I 
tioal value rarely exceeds one-half ita ' 
theoretical. Ko doubt tbe eotbusiasts 
of a few years ago have learnt a lesson at 
some cost. Mr. Bailey Denton, admitting 
the follat'y of old calculations, still clings 
with praiseworthy consistency to some 
of his old ideiis of valne. " Even," says 
he, "with such a greatly diminiirhed 
Yftlne ((". e.. IJd. to ^d. a ton), the country 
bw B valuable property which it is our 
duty to preserve." 

We are constantly reminded, i 
^ftbe- SUGCQSB of irr\gRt\OTi "■ 
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Egypt, Persia, etc. Tlie simple applif 
tion of water to the soil in dry and wanill 
c!i mates increases fertility. Moreover, 
we muBt admit tliiit sewage liaa a higher 
manarial value than mere water. But 
the cases are not comparable ; a climate 
having the temperature of our own with 
fretjiient rain (rain falling 150 days, on 
an average, out of 365), is not to be com- 
pared with one of tropical heat and of 
long continued drought. The sandy 
soil of Gemaevilhers or of the Dantzic 
farm are no cases in point. Admitting 
as a fact a certain mannrial value in sew- 
age, theEnghsh farmer, it iscertain, would 
sooner sacrifice the mannrial value than 
be compelled always to have the water. 
For two difficulties stare him in the face 
(and a sanitary authority demands these 
conditions), first, to be compelled to take 
the sewage at all times (day and night, 
Sundays and week days) all the year 
round (summer and winter) whether his 
soil wants it or not, or whether he has 
any crops or not that can profitably use 
it, at aij Btnges of their gto"«\ii, seteA. >Jnn.ft 
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and harvest, and, secondly, ao to utilize 
it as to produce an effluent which at all 
times, all the year round, ahall neither 
produce a nuisance nor pollute a public 
watereouree. In times of froafc^ — during 
the heavy rains of spring and autumn — 
the farmer finds he has no alternative (his 
land being practically impenetrable) but 
tq let the sewage pass away tinpurified 
into the nearest stream. He finds, too, 
that the use of sewage again is prejudi- 
cial during the maturity and ripening 
of the crops. These ditfipulties were 
grasped by the Parliamentary Committee 
of 1862, who reported that " it was de- 
nrable that those using sewagu should 
have a full control over it, so that they 
might apply it when and in what quanti- I 
tiea they may require." M 

Local authorities have, indeed, learnn 
the truth of these statements, since, when 
iiioj adopt ao irrigatiuu sclieme, they 
know that it is necessary for tbeui to ac- 
quire land, and not trust to the farmers 
in the neightiorhood. 
7 am awnro that the &a«A\.i *A Vt««X 
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is supposed to be met bj tbe iui 
temperature of the sewage. If tim _ 
however, be allowed for the ground to 
be aerated, aud the weather be so cold as 
to freeze it, some of the sewage at least 
must flow over frozen ground. This is 
the dilemma. Adopt means to aerate 
yonr ground, and it will become frozen. 
Neglect to aerate your gi-ound, and it_ is 
useless, or praetically so. The difficulty 
of storm water is said to be met by a 
certain portion of land being kept for 
storm sewage, and possibly planted with 
osiers. But this does not meet the ease. 
Your osier beds can become water- logged 
as well as your farm. It is no doubt an 
advantage to have a reserve, but it only 
meets a part, and a very small part, of 
the real difficulty. 

In considering the question of work- 
ing cost, quite apart from the expense 
of preparing the land, it is staled 
on good authority (Local Government 
Board Report, p. 33), that aewaged land 
requires more horses and double the 
atnoant of manual laboT tiwm oiaMvars 
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arable land. This means greater capital. 
" To properly stock (I am quoting from 
the report) and work a sewage farm upon 
which the main produce is consumed, 
quite five times the usual amount of 
money will be needed." 

There is another point to be recorded, 
the enormous care needed in the manage- 
ment of a sewage farm. Dr. Carpenter 
understands this when he laments ^^ how 
mischievous people often break down the 
carriers and other works, and let the 
sewage run where it ought not to go — 
in that way, getting into the effluent 
water.' 



»> 



We have admitted a certain manurial 
value in sewage. Before we proceed to 
consider the question of producing a 
good effluent, some other points bearing 
on its fertilizing powers come before 
us, viz. : 

(1.) The methods of applying sewage 
to land. 

(2.) The soil best suited for irrigation. 
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(3.) The crops most suitable for a 
sewage farm. 
(4.) The value of the crops so grown. 

I. — The Methods of Applying the Sew- 
age TO Land. 

Various methods have been suggested, 
such as simple broad irrigation, as prac- 
ticed at Milan, converting the field into 
a water meadow ; and subterranean irri- 
gation, pipes being laid sufficiently deep 
to be beyond reach of the plow. This 
may be called upward irrigation. Both 
of these plans have been tried and 
abandoned. Irrigation by hose and jet 
is no doubt that method of applying 
sewage which yields the best results. 
(Smith of Deanstone, Chad wick, Mechi, 
Telfer, Kennedy.) Professor Way says : 
" If you ask me how to make, regardless 
of cost, the manurial ingredients of the 
sewage into the greatest amount of pro- 
duce of any kind, I would put it on with 
pipes and hose in small quantities almost 
as I would in garden cultivation, as if I 
were watering it wit\i waterm^ ^ots., but 
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it would never pay you to do it." And, 
apart from this, you would never be able 
to get on the land the quantity tliat 
would meet the sanitary difficulty. This 
failing, sewage has to be brought to the 
highest points of the land to be irrigated, 
conveyed by cai-riera of a more or less 
permanent character into some form of 
sewer channels. The open carriers, or 
surface channels, may be mere trenches, 
or, if it be desirable that they should be 
placed above the ground, constructed of 
concrete or of sheet iron, the sewage flow- | 
Ing in large or small volume, as required, j 
upon thesui'faceoftheground. Sometimes 
movable ti-oughs are used (Ciirhsle), but 
usually the t^ewage is run through open 
oorriers, and merely the land more or 
IcBB flooded by the carriers being dammed 
up at certain parts. Simple contrivances 
only are required to tui'u oo or tm-n off 
the sewage as needed. The land must 
of course be so leveled and drained timt , 
the Mwage may flow over different por- 
tions of ground, and not into hallows, 
where it would become ata^naut, oi; i^^a.'b 



away without undergoing the needful 
purification. 

H.— The Son. Debt Suited for Ibrioa- 

Tios AND Filtration. 

We may distinguish three cases ; — 

1. Tery porous soils. A pure sandy 
soil has bad its advocatefl, on the ground 
that it becomes richer every year that 
&ewHge is applied to it, irrigation thas 
serving to convert poor into productive 
land (Way). Bagsbot-heath has found 
favor as sewage lajid with some, on the 
ground of its porous, sandy, and sterila 
character (Lawes; Paxton). In such 
soils, however, the effluent is generally 
very impure. A coarse, gravelly soil may 
be " free,'' but it most certainly, as a role, 
discharges the sewage imperfectly puri- 
fied, on account of its n on -retentive 
nature. 

2, Heavy nlay soils, or rather soils con- 
taining a notable proportion of clay, were 
approved by Liebig, on the ground tb^ 
clay was the most effective soil for ab- 

sorbing the valuable coTv«ii\t\\.«nts of 



I aawsge, viz. : the ammonia, phoBphoric 
[ soid and potash. Liebig considered the 
I BUCcesB of the Craigentinny meadows to 
be dependent on the clay in the Boil- 
[ It was hia opinion that if the Maplin 
B to be osed ae irrigation land, 
2,000,000 tons of clay would be needed 
I to give them fertility to the depth of 
I one inch. 

A soil containing ench a proportion of 
I day as to retard over-mach the pasBage 
Lof the sewage tiirough it, acts injuriouKly; 
I ;iii other words, it ie over-retentive — the 
I fact being that, to get the best effect of 
F filtration, the filtration must not be too 
[ Blow. The effluent is in such caaea 
[ tiaually turbid and discolored. 

A clay Boil (e. g., London clay, the stiff 
I clay beds of the new red sandatone, and 
[ the bouldei' clay overlying the Osford 
I day) are impervious to water. Such 
I gfround may be utilized by burning and 
^mixing, although the cost of such treat- ^ 
B considerable. 
With clay, therefore, we may have 
■ yerj slow fi\tral\oTi, fe« ti&ftKsA. 
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being colored and torbid, or practicallj 
no filtration at all. Further, such soils 
are specially liable to crack and fissure, 
both by frost and extreme heat ; in either 
case the sewage would run through the 
soil in an absolutely unpurified condi- 
tion. 

3. Soils intermediate . between sand 
and clay. Perhaps a sandy loam, or 
a loam with a small portion of clay, 
is that soil best fitted to yield a 
good effluent where irrigation or filtra- 
tion through land is practiced. Bailey 
Denton points out that the capacity of 
soils to absorb water (e. ^., a coarse, 
gravelly soil) is no criterion of its cleans- 
ing capability. On the contrary, he says, 
a loamy soil having sufficient sand to 
render it free and " to fill it with dose 
interstitial spaces for aeration, will dis- 
charge a superior quality of purified 
water bv the under drains." The best 
results I have myself seen are in the case 
of soils containing about 86 to 90 per 
cent, of sand with a little clay. 

The value of a plant-beaiing soil as an 



abaorbent, and possibly as an elabomtor 
of pittnt food, is worth considering. Way 
supposed the absorbent action of a soil 
to be dependent on tlie cbemicnl action. 
of certain silicates of lime and alnmina, 
wbich fixed the alkaline bases and allowed 
the acid constituents (phosphoric acid 
excepted) to pass in combination i 
lime. Liebig states that an acre of com- 
mon clay soil, 4 inches deep, 
neighborhood of Munich, would absorb 
Si.0T6 lbs. of ammonia, 1.910 lbs. of pot- 
ash, 888 lbs. of phosphoric acid, and that, 
like the stomach, wliich fitted food for 
the wants of the ani iial, such a soil fitted 
sewage for the wants of the plant. Clay, 
in his experiments, was the best soil for 
irngation, sand the worst, turf and peat 
being intermediate. Voeleker found that 
(^y absorbed potash salts and ammo- 
nia freely from its solution, but never 
completely, the ammonia absorbed being 
in great part but not entirely, capable of 
remOTal by washing. Sand absorbed 
atomoDia and potash salts imperfectly. 
CQialk^ and marly soils absorbed awi 
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rendered insoluble the soluble phoo- 
phoric acid more powerfully than either 
clay or Band. 

Voelcker's experiments on the itction 
of various Boils on ammoiiia shovr — 



A. — Ab regards fi'ei 

1. That all soils abeorfa ammouia from 
their solution, but that no soil absorbs it 
completely 

2. That the stronger the ammonia so- 
lution, the larger the absolute quantity 
of ammonia absorbed, whilst the weaker 
the ammonia sohition, the larger the rela- 
tive quantity of ammonia absorbed. 

3. That if after the saturation of a soil 
with a weak solution of ammonia, a 
strong solution be applied, the soil will 
absorb more ammonia from the strong 
solution. 

B. — As regards salts of ammonia: — 

1. That the soil absorbs the ammonia, 
the acid of the salt combining with the 
bases) lime, magnesia, etc.) present in the 
soil. 

2. That absorption is greater with 
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solutioas of ammonia salts than 
'with weak soIuHodb. 

The ammonia absorbed by the soil 
anay be partly removed by wasliing with 
"water, but the quantity capable of being 
tiias removed is always relatively leas 
liban that retained by the soil — in other 
words the absorptive power of the soil to 
ibsorb ammonia is relatively less than 
the solvent power of water to redis- 

ilve it. 

These remarkable results are chiefly 
dependent on the alumina and hy- 
clrated oxide of iron in the soil, and in 
lesser degree on the presence of lime and 
itber bases. 

I wish to remark on the immense ad- 
rastage in an irrigation farm of ferrugi- 
earth. I have seen a case where a 
fery good effluent was obtained by the 
fKcidental circumstances of a small area 
[email, that is, in comparison to the en- 
re farm) containing a large quantity of 

L iron deposit. 

The composition of irrignted i 

with non-irrigated soils has been 
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suitable a character as a sewage purifier, 
its powers are not those, agriculturally, 
of a storage battery. 

Any excess of sewage over that which 
the plant can utilize at the time is, so far 
as commercial profit is concerned, wasted, 
passing off into the subsoil drainage 
partially or wholly purified. As a fact, 
the land does not store in any quantity 
the manurial elements for the use of 
future crops. The fertility of a given 
area is not 10 times greater by the appli- 
cation of the sewage of 1,000 persons, 
than it would be by the application of 
the sewage of 100. In fact, it is no 
better and no worse. The difference is 
to be sought in the effluent, not in the 
land. The Craigentinny meadows are 
still pandy and poor, despite of all the 
sewage put upon them. The land, not- 
withstanding all that has been done for 
it, still contains less than fifteen parts of 
organic matter in a thousand. 

But how far is absorption dependent 
on the strength of the manurial fluid ap- 
plied 1 Voelcker's investigations on this 
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poiot have bcieti referred to in detail 
His experiments show tliat wLen maniir- 
ial elemente in a weak RolutioQ like sew- 
age is applied to the soil, it, merely 
oxidizes the nitrogeu and stmns the 
fliiid, the resulting nitrates fluwiog away, 
unless vegetation is growing at tlie time, 
when the elements of the sewage may be 
appropriated. Bat mure than this, bis 
experiments show that a wtak sewage 
mar actually remove from a soil upon 
whieh there is no vegetation, the ma- 
nurial ingredients already present in it. 

That the total solable nitron'en of sew- 
age may be found in the effluent as 
nitrates when the sewage is applied to 
land wliere there is no vegetation or 
where vegetation is inactive, I have mai^ 
times verified by analysis. 



m.— Crops Most Soitable to^-J 

QATIOS. 

Nearly all agree that the m 
able application of sewage is to pu 
land, osiers, and Italian rye grass. Way 
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Bays tbat its application to grass land JS^ 
tile only profitalile way of dealing with 
it— in otber woi'ds, by feeding it into 
milk or flesb, and so getting a manage- 
able manure. 

Bailey Denton holde a different viewj 
considering tiiat " the less tlie sewage 
farmer lias to do witL stock the better." 
He is of opinion that the cultivation 
of grass is unprofitable. 

And here I may refer to the greediness 
with whifih cattle teed on sewage-irrigated 
pasture, Mec^hi states that cattle will 
follow the hose and feed on the grass wet 
with sewage. Many who gave evidence 
before the Pailiamentary Committee on 
the sewage of towns testified to the same 
effect, the committee reporting that " the 
evidence proves that cattle of all sorts 
appear to prefer sewaged grass to all 
others, and wilt eat it within a few houig 
of it« being dressed with sewage." And 
I l^sg your attention to this fact in pasa- 
ing, for I shall refer to it again when I 
speak of the dangers incident to eating 
the meat of nnimals fed on sewage pro- 
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I would note, too, thafc there is evi- 
dence to show that a damp and sodden 
condition of ground, such as is common 
in a sewage farm, is peculiarly favorable 
for the production of the " liver fluke *' of 
sheep {Dialoma hepaticum), a disease 
occasioning great fatality. This danger 
of irrigation is not undeserving of atten- 
tion. 

Hoots, — Some have advocated irriga- 
tion for root crops in dry weather (Camp- 
bell, of Eugby). The mangold-wurtzel 
does well in a sewage farm. 

Miller, of Edinburgh, is against the 
use of sewage for roots, since he found 
it made furrows and channels in arable 
land, and washed the roots of plants 
bare. 

Bailey Denton advocates the growing 
of roots (mangolds, beets, turnips, car 
rots, parsnips, potatoes and onions) as 
better crops for sewage land than the 
cultivation of grass. 

Cereals. —Some consider sewage suit- 
able for wheat. Mechi advocated its use, 
although not directly to the land so used 



(otherwise the wheiit grows too Imturi- 
antlj nnd fills too eii8i];F)but to a preced- 
ing grass, root, or plover crop. 

The majority of authorities disapprove 
of its application to arable land, or of ita 
nae for cereals, roots, etc. Voekker aays, 
"It is quite unfit for cereals aft«r the 
prasay state, benanse of its forming straw 
instead of grain, and checking the ripen- 
ing process." Lawes, Way, Congreve {of 
Rugby), have expressed themselves to 
much the same effect. 
Its application to < 
at Watford. Riigby 
abandoned. 

Bailey DentOD advo 
of straw upon a sewage farm as advanta- 
geous for feeding atoek, although the 
quantity of grain is small. 

Voelcker condemns its use for market 
produce, "as if, clogs the soil and kills 
the plant. " 

Bailey Denton specially advocates tb« 
cultivation of cabbages on sewagi- farma.i 
I remember being fold that they Imd 
tried growing rhubarb at Aldershot, but 



a crops was tried I 
id Alnwick, boll 
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that they abandoned it because nobody 
would eat it a second time, owing to its 
rank sewage flavor. 

At the Brussels International Con- 
gress (1876) a collection of vegetables 
were shown, said to have been grown in 
fields irrigated by the sewage of Paris. 
There was a curious silence as to the cost 
of production. 

Liebig, arguing on the quantities of 
ammonia and phosphoric acid in sewage, 
in comparison to the quantity of potash, 
considers sewage less adapted for grass 
crops than for pasture land. Say 4 tons 
of good hay (=12 tons of grass) is 
grown on an acre of land per annum. 
This 4 tons abstracts from the land : — 

Nitrogen 141.61bs. (=ammonial721bs.) 

Phosphoric acid 72 ** 
Potash 124 '* 

To get 124 lbs. of potash you must have 
2,400 tons of sewage. This contains : — 

Nitrogen 451.07 lbs. (= ammonia 

Phosphoric acid 109.6 " 547.73 lbs.) 

Potash 124 ** 
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Now in acoordiince with the law th&t 
"the effect of all the constituents of a 
mauure is but the effect of that one of 
them which, in compBiisoQ with the wants 
of the plant, is present in the smallest 
quantity," it follows that 37S.73 lbs of 
ammonia, and 37.6 lbs. of pboBphoric 
acid, are not merely wasted, but act in- 
jiirioualy by clogging the soil and killing 
the plants. On this ground he advocates 
addiug to the sewage potash and phoa- 
plioric acid in proportion to the require- 
ments of the crop, thus lewaeniug the 
auwage required, imd increasing general 
fertility. Thus Liebig argues that sew- 
age should always be used in conjunc- 
tion with richer manures, guano being 
rich in phosphates and aramoniu, but 
poor in potash ; farmyard manure being 
rich in potash but poor in phoaphutes 
and ammonia ; sewage occupying an in- 
termediate position. The following table 
will serve to illustrate his views : — 
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Phosphoric 


Am- 


Potash acid 


monia 


lbs. lbs. 


lbs. 


193 tons of sewage yield 10 . 8.8 . 


44.1 


2,023 lbs. of farmyard manure.lO . 9.0 . 


14.9 


1,672 lbs. of Peruvian guano 10 . 200.5 . 


142.3 



Voelcker scarcely endorses these views, 
for he says if the soil itself contains the 
elements of fertility, sewage has no 
more value than so much water ; but if it 
be poor and barren then the application 
of sewage will produce crops of grass 
when nothing else of any agricultural 
value will grow upon it. 

IV. — Value of Crops Grown on Sewage- 
Irrigated Farms. 

It must be admitted that the size and 
weight of roots and succulent vegetables 
grown on a sewage farm are often con- 
siderable. Thus enormous cabbages, 
turnips, celery, etc., are often shown as 
sewage-grown. But sewage produce is 
best described as dropsical, ^. e., the per- 
centage of moisture in sewage-grown 
produce is far higher than in the case of 
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ordinary market produce. (This fact 
waH proved by Lawes in his experiments 
at Rugby Farm.) This being the case, 
sewage produce is difficult to dry, and 
prone to decompose. It must be con- 
sumed fresh, and on the spot, for it will not 
stand being carried any distance to mar- 
ket. Dr. Voelcker is definite on this 
point. Irrigated land, it is certain, does 
not yield so nutritious a product as 
natural pastures. If you want good 
produce, you must be content with small 
quantity. 

Percentage Composition of Dry Substanoes. 
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Nitrogenous substances. . 11.16 17.58 18.b7 19.66 
Fatty matter (ether ex- ' 

tracts) 8.41 4.13 8.95 4.04 

Woody fiber ,29.08 28.21 28.82 28.13 

Other non-nitrogenous 

matters 46.73 39.09 38.08 86.91 

Mineral matter (ash). . . . 9.62 10.99 11.28 11.26 
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Passing to the solid matter itself, a 
larger proportion of nitrogen was found 
in the sewaged than in the unsewaged 
produce, and the larger the quantity of 
sewage applied, the larger became the 
nitrogenous constituents of the vegeta- 
tion. 

Bat here arises the important ques- 
tion, "Are nitrogenous constituents the 
true measure of the nutritive quality of a 
produce?'* To this Voelcker replies, 
"No.'' On the contrary, nutritive prop- 
erties depend on proper maturation, 
whilst an excessive quantity of nitroge- 
nous produce indicates unripeness, ^. 6., a 
deficiency of sugar. 

I have thus far limited myself almost 
entirely to a consideration of the manur- 
ial value of sewage. We must now con- 
sider, in connection with manurial value, 
the second condition of effective sewage 
treatment, viz. : the production of a good 
eflfliuent. 

There now arises the important ques- 
tion, how much sewage can properly 
{qud agricultural success) and safely {qud 
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sanitary success) be applied to a. givt 
area of Inad. 

There are two ways of applying 
age to land — 

1. Surface irrigation, or the distriba- 
tion of aewage over as many acres as it 
will wet, having ia view it musimitm planj 
growth. 

2. Intermittent downward filtration. 



I. — SraPAUE Ibrioation. 



1 



And here one fact is certain, the agrl- 
coltnral and the sanitary aspects of the 
quegtion are not in accord. To reahze 
an agricultural success, the farmer says, 
apply at proper times and eeaRons a large 
quantity of sewage (and witliin reason 
the larger the better) to your laud. To 
realize a tianitary success, the sanitarian 
says, apply continuously as email a quan- 
tity as possible. If sewage be put upon 
a soil in larger vuluiue than l.SOO tons 
per acre per auniun, even when theie is 
aotivfely growing rye grass upon it, lb* 
enbeoil water ia certain to paas away foal 



80 

(Way). It was found at the Anerley 
School farm that the same crop of grass 
•was obtained when 1,500 tons of sewage 
per acre was applied by hose and jet, as 
when 8,000 to 9,000 tons were supplied 
by open carriers ; but that in the latter 
case the efl9.uent water was almost as foul 
as the sewage (Westwood). At Kugby, 
it was recorded that with 3,000 tons of 
sewage per acre, a yield of 22 tons of 
grass was obtained, whilst with 6,000 
tons of sewage a yield of 28 tons of 
grass, and with 9,000 tons of sewage a 
yield of 32 tons of grass only was ob- 
tained (Lawes). The conclusion is irre- 
sistible. There is a limit to the quantity 
of manurial elements that the soil and 
plants are capable of appropriating. Ex- 
ceed this limit, and any quantity in ex- 
cess must puss away in a more or less 
unoxidized form. 

As regards the quantity of sewage that 
is safe and proper to apply to land, I 
find authorities diflfer between 100 tons and 
40,000 tons per acre per annum ; a differ- 
ence, in other words, between 2 and 800 



81 

persons per acre. Thna an authority 
" of great weight " espreeses an opinion 
that 300 tons of sewage per acre per an- 
num would aoGomplisti as much as the 
10,000 tons he had applied. Another 
authority considered the Kugby farm in- 
ferior to the Edinburgh meadows, be- 
cause in the former from 3 to 9,000 tons 
of sewage per acre only was applied, 
whereas in the latter 10 to 12,000, and 
even 30 to 40,000 tons have been used. 
Mr. George Shepperd and Mr. Mechi 
considered 100 tons of sewage per acre 
per iinnum sufficient (or the manure of 
two persons). The latter lived to find 
his estimate erroneous, increasing his 
quantities at first to 500, and finally tu 
2,000 tons per acre for green crapB. 
Miles, of Bristol, reported that two per- 
sona per acre gave good reenlte, whilst 
Mr. Thomas Ellis considered (and in tiiis 
Mr. Brady, the cliairmau of the .Select 
Committei.- on Sewage, agreed) 600 tons 
of sewage (or the produce of a dozen 
people) advisable. 

Air. W, Hope and Mr. Wl-sIwooiI, ( 
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the school farm at Anerley, considered an 
acre of land was required for every 
twenty or thirty people (1,000 to 1,500 
tons of sewage per annum), for, said Mr. 
Westwood, " if more than this be used, 
it runs away into the drains and fouls the 
stream." This he found to be the case 
when 8,000 or 9,000 tons per acre was 
applied to land cultivated with rye grass. 
Liebig considered 2,430 tons of sewage 
sufficient for meadow land to yield 12 
tons of grass (4 tons of hay) per acre. 
He adds, a soil saturated with manure 
not only fails to increase the crop, but, 
in the case of roots, is positively hurtful. 
The Earl of Essex (Cbairman of the 
Commission to inquire into the best 
method of utilizing sewage) after many 
trials at Watford, decided that 5,000 to 
6,000 toQS a year was desirable to each 
acre for Italian rye grass, but that 600 
tons to each acre was sufficient in the 
case of meadow land. Voelcker fixes 
2,000 to 4,000 tons per acre for better 
kind of lands, and 8,000 to 10,000 tons for 
sandy soils, stating " that he has nowhere 
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seen bucIi email quantities as 300 or iOO 
tons per acre proiluee any remun«jrative 
effect." Way likewise ttxes 100 persons 
to the acre, provided the land be grass 
land, estimating tUat 30,000 acres of land 
would be required if the sewage of 
3,000,000 people had to be dealt with. 

Sir R. Rawlinson states the case 
thus : — 

"The means which have been found 
in practice to answer are as under stated, 
namely, for floud irrigation about one 
statute acre to 100 of population of 
fully water-closeted town, but there cai 
not be any hard and fast rule. 

Id nineteen irrigated towns, according 
to Professor Robinson, there is an aver- 
age of 137 persons to each acre (= to 
fi,128 gallons per acre per day, or 38 
gallons of sewage per head of the poplK. 
latiou per day). Mr. McKie. of Carlii 
records the average of 53 towns 
persons to each acre (= to 3,826 gallons 
of sewage per acre per day). 

Lawes and RawliuBon also agree that. 
an acre of land is reijuired fur every H 



to 
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people (or 5,000 tons of sewage per 
year), a view agreed to in the main by 
Bailey Denton, who fixes 100 to 150 
people, according to the porosity of the 
soil, lighter soil taking the sewage more 
freely than heavy. In Bailey Denton's 
opinion, however, extra land is needed 
for giving rest, and for permitting alter- 
nate cropping. 

The difficulties, it will be seen, are 
tremendous. For commercial profit the 
sewage must not be less than 5,000 tons 
per acre — for sanitary efficiency (^. 6., to 
prevent nuisance), the quantity must not 
exceed 1,500 — i. e., a minimum of 100 is 
necessary to pay — whilst 30 is the maxi- 
mum to escape prosecution. 

II. — ^Intermittent Downward Filtration, 

The difficulty of securing efficient land 
for surface or broad irrigation pressed 
hard on the irrigationists. Dr. Frank- 
land and others saw that the larger the 
population of a town, not only the less 
land there was within a reasonable dis- 
tance, but the more costly such land be- 
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oanio. Irri(^ti'>n wnx doniueil tilildHH the 
liiu.l iliffinultj roulil 1k' iiviTouiiic, ami 
siitiid luetlioit ndopted wlipreby u liirg* 
voluinci of newage noiilt] liti aoncmitrnlod 
on a HmDjl nreo. 

Dr. Franlcliitiii'H tnliomtory experimentl 
(it 1870, wHli kni)wn qunntiticH of iliStf- 
cut Hiiilx, gnvo birth to tlio pnicRM 
kimwn n» " Intermit lent Downward Fil- 
tration." For tUiH piirpoie it woh Hlnloti 
to be neoeHoary — (1) t« liavi- n itnitobly 
conatituted Hoil whicL will act an a filtsr; 
that 18, A Koil not ti>o opi'ii, hu tliat any* 
tiling may pasn thron^h, but nut too 
close, HO tbiit uotliiriK umy ]iuhh tbrnU|fb. 
(2.) To bnvH tbi> liin.l ilitiply ilruini-il, 
BFiy at n ilnpth ■>( G fool, ho hk to aJbiw a 
GunHtdsrablo iliHtance for poroulntion. 
This coDHtituted filtrntion an oppuHoil to 
irrigation. Tim land btwouL-H an uxl* 
diziog Jnatrnmuut, to burn tbti impuritioa^ 
an<I NO traiiHfm'm tbmn into biirnil* 
gniMH, nitbnr timu a. miirn m pumting ii 
nhina. I'o obtain tbt; btwt (rfrwht 
uxiHatioD, anrl tu bwji lb« hiDr) Id 
mmt effective rondiLion, tbu Miwaf(aui< 
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it rf'C^JiveR ftnothftT dowe. Home hate 
Rn^t(ef(te<1, in fnrtlier dfrveloiimfiiit of the 
idea of intfirinittfJTicy, that one of the 
i])r(H^ ftcreR rriigbt he iiRed per yoar for 
th*» 9,Sl()o, HO that fjacli acre wonld have 
two yoarw during wliirh it might tlie more 
pfTfecMy recover itfielf, whilst each quar- 
tf)r fy'Ti' of tlie oiw acre in nwe for the 
yfiar would }iave eiglitiien ]ionr« rent out 
of the twenty- four. It in no miHUomer 
to rail tliJH ** int^-nwified irrigation/* 

I'fit J>r. Frankland^H argumentH were 
Im-Hod on laboratory experiments. The 
varying ♦'fT<u?tH of the varying (jualitieH of 
Hffwngf^ on the one hand, and the enor- 
rnouH differenrTH in land, aH regardH itH 
rapahility of abBorption and filtration, on 
the otlier, Hneni to liave hei'ii vf^ry ini- 
pfiffctly r(»nHi<lnred. Nor were thodifTi- 
riiliif'H arJHing from HuhHoil water taken 
into r'aleulation, nor the deriHity of the 
Hoil in thn laboratory expnrirnnntH, aH 
rornparrd with itH dennity in the natural 
Mtat*'. Jam fully aware that Dr. Frank 
hu)d would Hay that the eHtiriiat.e of 21^300 
//O /i/; /i/'re Hnp))OH(*n \n*oYW \\\\\v\— v'^^'^V' 
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It is right, too, we should note that 
Dr. Frankland has from the first insisted 
that intermittent downward filtration in- 
volved the sacrifice of the manurial value 
of the sewage, the area of ground 
being too small, and the quantity of sew- 
age too large, to make it pay. 'I'his view, 
however, Mr. Bailey Denton in no way 
endorses ; on the contrary, he considers 
that the system of tlie intermittent appli' 
cation of sewage to land in no way inter- 
feres with, but actually assists, farming 
operations. 

Botli Dr. Frankland and Mr. Bailey 
Dont(m agree in considering the removal 
of the suspended matter in the sewage 
before its application to the land to be 
unnecessary. Mr. Bailey Denton, how- 
ever, advocates the use of furrows 
(rather than flooding the land), partly as 
a means of preventing the cHnging of 
solid sewage matter to the stalks and 
leaves of plants, and partly with the ob- 
ject of bringing the sewage into contact 
with the roots, which are the active ab- 
stracting agents of manurial worth. In- 
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deed, Bailey Denton goes so far as to 
say that the presence of the suspended 
sludge in the sewage is an advantage 
rather than a bar to its application to 
land. By making some furrows of greater 
depth than others, he renders these the 
receptacles of the solid matters. The 
sludge, he says, "consists of vegetable 
and animal substances which are perish- 
able, mixed with earthy and mineral sub- 
stances, which are not perishable.'' It is 
only necessary to remember this "to 
realize the fact that they cannot possibly 
clog the land when dry. The most mi- 
nute particles consist of fine road sand 
which floats on in the liquid after the 
heavier, detritus has deposited itself. 
When these perishable and imperishable 
substances find theii* way into the soil, 
they must each, from their nature, ob- 
viously add to its porosity, inasmuch as 
the perishable substances leave open 
spaces as they decay, whilst the imper- 
ishable substances from their gritty na- 
ture necessarily help to increase its filter- 
ing capabihties. So lon^ a.a tha ^Iwd;^ 
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is wet it impedes absorption to a certain 
extent, but when once dried, and the 
land broken up by the plow, it not only 
ceases to uphold the liquid, but natural- 
ly and permanently helps to let it into 
and through the soil." In other words, 
by digging the sludge into the soil, Mr. 
Denton contends that the soil is ren- 
dered more percolative than before. 
There may be something in this view. 
But how often have we seen, in practical 
working, sewage being appUed to land, 
clogged by large masses of black albu- 
nKjTious matters, the result of previous 
irrifjatioiis, closely adhering to the soil, 
impeding absorption, and lessening the 
surfa(r(i tlirough which the water can 
pass into the groimd. Mr. Denton says, 
" th(! sludge must then be allowed to dry, 
and when in a fit condition dug in.*' But 
in the act of drying comes the nuisance. 
In liot weather it means putrefaction 
(Mr. Denton calls it decomposition of 
perishable substances), and with putre- 
faction comes a stink, besides which it 
" 2» in the act of evaporation WvaV ^^ii^ekT^ 
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occur from detrimental matters being, 
carried bodily into the air. In filter 
beds, we know full well that the surface 
of the filter bed is that part most affect- 
ed, and further that, for efficiency, the 
surface of the filter Ijpd needs frequent 
removal and cleansing, whilst irrigated • 
land shows neither to the eye nor to 
chemical analysis much indication of any 
excess of organic impurity a few inches 
from the surface. 

I admit to the full the power of soil to 
purify sewage by oxidation. I admit, 
moreover, the advantage of intermit- 
tency of action, i, e., of intervals of rest 
alternating with intervals of work. The 
entire success of the process, however, 
depends on perfect aeration during rest, 
to fit the soil for its next period of work. 
My experiments lead me to doubt the 
efficiency of a rest of 18 hours only, 
even when the sewage has had the solids 
in suspension removed. But of this I 
am certain, that when the suspended 
solids have been allowed to remain in the 
sewage, the glutinows eoTi«\I\\NiL^\iJye» ^\ *vis^^ 
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at all times, in all weathers, with aA^ 
binda of Bewsge, and under all cirmim- 
BtancGS. 

. The fact that much of the solid I 
filth of the sewage will, unlesEi previous- 
ly removed, liceumulate on the eurface, | 
where it nndergoes decompoaiticn and | 
beoomee. eB])ecia!l7 in hot weather, a 
formidable nuifiance. 

Intermittent downward filtration had 
its birthplace iu the laboratory. Whether 
I earth used were cube feet or yards, 
, or six foot tnbes, many details besides 
this mere stateiaent of the work accom- 
plished are necesaary. Wan the earth ' 
■need surface earth f How was the sew- 
age collected? Was the earth exposed 
■to the modifying iuliuence of wind, light 
AOd raint How lung was the earth 
1 — a week, a month, a year, or i 
[ert It is to be feared that a new 
.birth in sewage treatment needs a leas 
^cmmped cradle than a London labor- 
tbOTjF. You cannot learn how to direct j 
1 army in the field by practicing with ' 
ioy Holdiers. No laboratory experiment i 



94 



pnre and simple can teach sewage treat- 
ment. 



We now turn to tbe hygienic aspect of 
sewage irrigation. I shall speak of three 
classes of effects rendering sewage irri- 
gation dangerous to the pubUc health : 

1. Offensive and injurious emanations. 

2. Pollution of subsoil water. 

3. Distribution of undefecated sew- 
age containing the ova of entozoa. 

I. — Offensive and Injubioub Emanations. 

Of such emanations, the evidence is 
ample. The River Pollution Commis- 
sioners admit that odors do arise with 
land irrigated with sewage, day after 
day, for years. The Craigentinny mea- 
dows, near Edinburgh, can only be de- 
scribed as filthy, emitting a stink hardly 
endurable. The surgeon to the barrack 
adjoining the meadows, described the 
stench (1868) as *' sickening." Of the 
Croydon Sewage Farm, at Beddington, 
Dr. Creasy, Surgeon to the Orphan Asy- 
lum at Beddington, stated that " typhoid 



bad been in every cottage on tlia 
t" — every diseuBe, in fact, aBBumicg 
acular type, aiicompanied by what 
is called a "sewage tongue." In fact, the 
stink of sewagts-iiTignted gi'ound, and 
the malarious effects of the sewer gases 
evolved, are matters of frequent com- 
plaint and litigation. Dr. Clous ton 
traced an outbreak of dysentery in ttie 
Cumberland and Westmoreland Asyli 
to tile effluvia from a eewage farm. 

There is, too, a remarkable statement 
by Copland, that the effects of sewer 
gases are never so bad as when emitted 
from sewage spread out upon the laud. 
This statement is worthy of considera- 
tion. Solid matter is given off during 
evaporation, As the turpentine in lead 
paint is evaporating, solid lead carbonate 
is carried iuto the air, and produces 
lead poisoning amongst the inmates of 
ibe frt-'slily painted house. This ciuinot 
leeolt from any volatility of the lead^,, 
but merely from the mechanical dig- 
lodgment of lead particles during the 
«TBporation of the volatile citnslitueni 
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of the paint. For when the smell has 
gone, the danger has passed. The sanit- 
arian recognizes the importance of defe- 
cating the excreta of the typhoid patient 
as soon as evacuated, and of removing it 
from the sick room without delay. And 
whyt To prevent the materies morbi 
being carried into the air during the 
evaporation of the liquid portion. It 
must, therefore, be an unscientific meth- 
od to spread the sewage of a mixed 
population over the land, thereby in- 
creasing the area of evaporation. Mr. 
Hawksley's words may be quoted here. 
They are the record of one whose unique 
experience is only rivaled by his acute 
powers of observation : '* Water irriga- 
tion carried on in warm weather is ex- 
ceedingly unhealthy. I can speak posi- 
tively to it from repeated observation in 
different places, that the odor, particu- 
larly at night and particularly upon still 
damp evenings in autumn, is very sickly 
indeed, and that in all these cases a great 
deal of disease prevails. The sewage 
forms a deposit on the surface of the 
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groand, that deposit forms a ouko of 
organic matter, and orgaiiio imittor whou 
it is in a damp state, as it usually is, 
gives off in warm weather a nu>st odious 
stench." 

There is yet another point to b^* ovmi 
sidered. That a district saturated wiih 
moisture, and more partiouhirly it alov.;- 
with the moisture there is .in e\r«->< o'" 
organic matter (I am exehuliui;- spisiiiv- 
morbid emanations), is unheililiN -unI 
malarious, the fens of Ijincoliisliin' aiul 
the rice fields of China, not to spt\iK i-t* 
other places, supply abun^lant evuKMu-i- 
Buchanan, in a masterly rest\u"cli, lias 
shown that phthisis is more pri'valent 
where there is a wet atniospluit' than 
where there is a drv out-, whilst I'etten- 

ft. 

kofer, of Munich, r('«^;ir»ls fever ami 
cholera as dependi^nt on th;et nations in 
the level of ground water ehar»j^ed with 
sewage. The case is serious. Saturate — 
be continually saturatin<jf — a large area 
with sewage water, and as a consequence 
be continually raisin^^f the subsoil water, 
an increased humidity of atmospher 
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must result, and conditions favorable to 
malaria, fever, and phthisis. 

Dr. Sturge, in 1879, in a paper before 
the Institution of Surveyors, gave some 
important details respecting the sewage 
of Paris. 70 per cent, of the Parisian 
houses have cesspools, but even of the 
remaining 30 per cent., the solid excre- 
ment is not allowed to enter the sewers. 
Some analyses of Paris sewage were 
given (respecting which, however, I speak 
with caution) showing 56 grains of or- 
ganic, and 123 grains of inorganic mat- 
ter per gallon. 

Of the total 60,000,000 gallons daily 
of Paris sewage, 10,000,000 are treated 
on 914 acres of land at Gennevilliers. 
This land has about five inches of al- 
luvial soil resting on ten feet of sand and 
gravel. I omit all reference to the ngvi- 
cultural success or non-sueceKS of the 
Gennevilliers farm, but it must be noted 
that authorities consider that the value 
of building land in the neighborhood 
has decreased, and the health of the in- 
LabitantB suffered from a rise in the 
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rigatioQ as a method of purifying sew- 
age. The sewage comes every day to be 
treated, and no earthly power can say 
whether your farm is or will be in a con- 
dition to deal with it. And more, than 
this — the very condition that increases 
the quantity of the sewage to be dealt 
with (such as heavy rain), is the very 
condition that renders your land tem- 
porarily disabled. And yet further still, 
the very condition that increases the 
bulk of your sewage, or at any rate its 
polluting character — the population — is 
that condition which renders costly the 
land in the neighborhood, and probably 
makes it altogether impossible to pro- 
cure at any price. I give on p. 1151 
certain analyses of sewage effluents from 
different farms. 

II.— Pollution of Subsoil Water, and 
OF Running Streams. 

The select committee on the sewage of 
towns, although champions of irrigation, 
admit that if the power of the soil be 
overtaxed (that is if too much sewage 



'b« Applied) there must of neceBsity be 
injury to wbIIb and ronning atrenuiB. 

m. — DisTKiBOTioN OF TJndkfecated Sbw- 

AOE OONTAISINO THE OvA OF EsTOZOA. I 

The fact has always been recognized ' 
that eotozoic diseaaeB have an eifcernal 
origiit — J. e.. that tiae o^a or parasites 
come from without, and are not gene- 
rated within, the human body. Millions 
of ova are voided with every segment 
dischnrgL-d by the pei-son afflicted with 
tapewonn, each ovum being cajwible of 
producing a measle in the flesh of an 
animal, and each ineasle a tapeworm in 
the boilj of the man. 

Here, then, are two serious eonse- 
quences of irrigation worth conflidering: 

I have seen wateri;rea6es and celery 
grown on sewage gi-ound, having a quan- 
tity of dried sewage matter deposited on 
the stems. I have, with more than a 
cook's patience, tried to wash iliis mat- 
ter off, but the tenacity with which it 
Bticks upon the surface of the vegetable 
when once dry is perfectly astounding. 
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Be it remembered that watercreasea and 
celery are eaten ancooked. I liave aeen 
cabbages and turnips, not merely grown 
on sewage ground, bnt carefully pre- 
pared arrangement B made for a weekly 
flooding with sewage, the market produce 
being placed in a kind of reservoir per- 
mitting anfficient raw sewage to flow into 
it, so that it may completely cover the 
Tegetation. 

The grass covered with sewage, eaten, 
as it is with rapacity by the cattle, infect 
their bodies with the larval parasite. 
Thus the meat ia measly, and measly 
meat, except for efficient cooking, means 
tapeworm to the Imraan subject. Per- 
haps a similar story might be told of 
trichina, with its ten times greater dan- 
ger. No doubt, as an accident, the dan- 
ger is constant, but sewage irrigation 
would practically render it an affair of 
certainty. In other words, sewage al- 
ways contains excre mental ova. The 
farm, therefore, that receives sewage 
must be more liable to produce measly 
meat than the farm that does not receive 
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"Jfey we not, indeed,'' aaya Dr. Cob-' 
bold, " but too reasonably conjeoture 
that the wholesale distribution of tape- 
worm eggs, by the utiHzation of sewage 
on a stupendous scale, will tend to 
spread abroad a class of diseases some 
of whi(ih are severely foiinidable* So 
convinced am I of the truth embodied in 
an affirmative reply to this latter query, 
BO certain am I that parasites are propa- 
gated in this particular way, so surely do 
I see unpleasant results if no steps are 
taken to counteract the evil, that I feel 
myself bound to speak out boldly, and 
to produce no uncertain sound in the 
matter, which most closely concerns hn- 
manity. The whole question is, in truth, 
of vast hygienic importance." 

Let us review our facta. We have 
dOate sewage to deal with. We desire 
to be sanitarians, viz., to purify our sew- 
age BO that it shall not pollute oiir 
watercourses, nor cause nuisance. We 
desire to be economists, viz., to get out 
of the sewage all that is valuable In 
la a word, we desire to achiere, by-o 
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and the same operation, a sanitary suc- 
cess and a commercial profit. In sewage 
treatment, as in other things, you cannot 
combine the impossible. Achieve your 
commercial success, and you must 
abandon sanitary considerations. Tou 
must, as at Edinburgh, flood your land 
"with your thousands of tons of sewage 
per acre, until your farm is a stinking 
morass, and your effluent water so im- 
pure that you must take it directly into 
the sea lest you foul your watercourses. 
Achieve your sanitary success, sprinkle 
your 300 tons per acre per annum on 
your land with hose and jet, and away 
goes your agricultural profit. Try a 
compromise between the extremes of the 
300 and 10,000, and you get the diffi- 
culties of both with the advantages of 
neither. I admit possible exceptions : a 
small population ; cheap land removed 
from human habitation ; a porous soil 
admitting free percolation ; happy gradi- 
ents not requiring steam power; prox- 
imity to the sea, so that extreme purity 
of effluent need not be demanded ; prox- 
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imitj to a town, so that a ready sale for 
the sewage gi'ass for dairy purposes can 
be secared. But the iliffinullies are 
enoiinous, I muat havo enough land — 
anil the greater the population with 
whose sewage I have to deal, the greater 
the quantity of land required, and tho 
larger probably its price. I nitist have 
proper land — sufficiently porous, but not 
too porons, properly leveled and di'ained. 
If the level of my land bo above the 
aewer outfall. I require costly motive 
powei'. The larger the quantity of sew- 
age (aa in wet weather) with which I 
Lave to deal, the less able is the already 
over-loadtMl grouinl to cope with it. 
Frost or snow, the work has still to be 
done. At uU times the efBuent must be 
sufficiently pure, lest litigants be aroused. 
At all times the operations must be con- 
ducted without offensive Gmells from an 
over-sodden state of soil, and without 
polluting the air by rendering it ab- 
nortnally damp or polluted by sewagu 
effluvia, th(- prolific source of typhoid. 
The subsoil water must be so diverted. 
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that neighboring wells sball not be pol- 
luted. Grant nil tliefie difficulties over- 
come, and there remains as the produce 
of my farm a grass only fit for dairy pur- 
pofles, and even then likely to be & 
source of entozoic infection to man and 
animaU. 



3e not 



STBiiNiNQ, Filtration, and SnaaiDBB 
Many attempts liaye been made i 
only to strain and filter sewage, but also 
to allow the deposition of the larger 
pieces of the suspended matters in 
tanks, with or without straining. As a 
fact, it is impossible to strain sewage effi- 
ciently, or to effect deposition without 
previous treatment. If the strrtining 
material be of fine texture, sui^h as at 
wire, it soon clogs, whilst if it be of 
coarse texture, it is of no use. If fine 
gauze, or an iron grate be used, the 
albuminous mattei'S soon choke it. aad 
prevent further action. In Baldwin 
Latham's self-cleansing extractor (an ia* 
geniouB contrivance in use at Dantzio, 
Croydon,',Coventry, etc.), and consisting 
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of a vertical strainer rotating abont a 
horizontal asiB, the solid matter being 
raised from a centrnl receptacle by an 
Archimeclean screw, the most that can 
be aaid is that tlie grosser matters are 
removed. Bnt even here, a considerable 
play of water upon tlie gauze is required 
to ensure its action. It was formerly a 
common practice to fitrain the sewage 
through wooden planks perforated with 
if-inch apertures, before applying it to 
land, a proceeding that reduced the sus- 
pended matters some 9 or 10 per cent. 

A combined system of subsidence and 
filtration has been attempted on many 
occasions. This method was formerly 
adoptedat Birmingham, where the sewage 
WHS conveyed through a series of tanks, 
the passage occupying about two hours. 
Two sets of tanks were employed, each 
set being worked continuously for aboat 
a fortniglit, when the sludge was re-] 
moved and consolidated by evaporatioa' 
and Boakage in properly prepared pif 
The effinent water wan found 
offensive, and the works a niuaauoe. 



4 



- i^^ 



•n; 



•>x 



>» 



*ft ^ 



..V ■ 



.> 



— > 



'- > ' I . f . I 






I 






"illV.' •'",. is' • -.r* ^rv '. • _»^ .* 

rL*- V : • ■ .. 

:"* '• : a*' -•- • • •■ . .-• 

f::b'-';:.-; ■ • . . ■ - . -•*" . .-■ 

til* ■• •• .. . -■ 

_ Ll:".' n-;»- 

m 

^«? if :•••. ■ -• .-..-.• . ■• :l *^ .■.*';. i' 



V 



108 



Coventry formerly adopted a similar 
process, a coarse gravel filter running the 
whole length of one tank being employed, 
through which it passed into a second, 
and again into a third tank of small 
gravel. The purification proved very 
ineflScient. 

At St. Thomas, adjoining Exeter, a 
similar method of defecation by subsiding 
ranks, iron strainers, and gravel filters 
(forming the tank boundaries) was 
adopted, although in this case a little 
lime and about 0.75 gallon of carbolic 
acid to 200.000 gallons of sewage were 
added. The carbolic acid proved valu- 
able. 

At Uxbridge again, a combined system 
of subsidence, straining through a grat- 
ing, and filtration through charcoal, is 
adopted, before the sewage is discharged 
into the Colne. It is, however, quite 
certain that mere subsidence and filtra- 
tion, as methods of sewage treatment, 
are failures. 

We may here mention the suggestion 
of Strang, of Glasgow, of treating the 
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sewage discharged from a water closet, ' 
by upward filtration thront^h a box con- 
taining the refasj aaliej of llie bouae. 
By this means the solid matter is re- 
tained in the lower pirt of the vsasel, 
and the liquid matter passes throu<rh the 
ashes. Dr. Anderson, of Glasgow, re- 
ports well of the apparatus. Mr. Austin, 
late of the Local Government Board 
Office, was of opinion thit ssw.ige might 
be dealt with by placing a series of | 
portable filters in the sew.tre. (Society 
of Arts Conference, 1877, p. 14) By 
this means mnch of the kitchen stuff 
could be kept out of the s^'wers, which, 
it is true, is often as objectionable as, if 
not more objectionable than, the sewage 
itself. 

Whatever filtering material you use, be 
it sand, gravel or charcoal, two difficul- 
ties are inevitable: — (1) That the filter 
Boon becotues choked, when it fails to 
act, or acts inefficiently; (2) that the mat- 
ters deposited on the surface of the filter ' 
cause an insufferable nuisance. It mAy 
be said, as regards the first objection, . 
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you Lave only to recharge your filters 
and to utilize the old material for manure. 
The answer is, the cost of material and 
of labor, and the difficulty of securing a 
sale for your refuse. To meet the 
second objection it is said, " Cultivate 
the surface of your filter beds, whereby 
vegetation can be made to use up the 
obnoxious matters.'' In * practice, how- 
ever, this is not successful, whilst it is 
impossible to secure a crop all the year 
round. 

I know of no place where filtration 
alone has proved a success hygienically. 
Of course intermittent downward filtra- 
tion is practically land filtration. The 
objections urged to general filtration 
apply equally to land filtration. 

Some interesting details respecting the 
filtration of the foul water of the Biver 
Plate is given by Mr. George Higgin 
("Proc. Inst. Civil Engineers," vol. Ivii.) 
They show the extreme difficulty of filter- 
ing this impure water, a difficulty which 
is nothing compared to that of filtering 
sewage. 
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DlSCHABRE OF SewAGE IHTO THE SeA. i 

Seeing sewage ie worth so little, it ic 
wonder that local authoritiee have been 
desiroiiB, where posRible, to get rid of 
it by permitting its discharge into the 
aea (see Hawksley's Social Scienae Ad- 
dress 1876, p. 28). This has been done 
at Weston-Super-Mare, St. Leonards, 
Torquay, Eftstbourne, Llandudno, Dover, 
Carnarvon, Brighton, Margate, and Riius- 
gate. There is much to bo said in favor 
of this method. No doubt it appears 
wasteful, but nature is certain to utilize 
in due course in her own way what we 
fail to utilize in ours. But it mnat be 
noted that a nuisance is possible if the 
sewage be discharged into the sea too 
near land, from the foul matters in sus- 
pension being brought back again by the 
tide to putrefy on the shore during low 
water. This was said to have occurred 
at Dover ("Proc. Inst. Civil Engineers," 
vol. xliil ]). 221) and at Carnarvon. A 
stink may result, moreover, from the re- . 
dilution of the sulphates of sea water t 
BTiIphides by the organic matter in t 
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sewa^. and the evolutioii of anlpliaretl 
liydrog;en by the action of carbonic B 
on the sulphides so formed. Possi^ 
to some Hiich cause the smells and i 
sanitary condition of the Bay of Naplw 
the Porb of MaraeilleB, the Bay of C ' 
the West Coast of Africa, and i 
places owe their orifjiu. This diffi 
is worth considtiring, moreover, 
partioolarly in those cases where a town 
extends down to the water's edge. No 
doubt further sewage matters, flocculent 
materials, corks, etc., have a special ten- 
dency to float on sea water, coutinuoas 
decomposition resulting. DifiSculties have_ 
arisen at Margate, Biims^te, andBri 
ton, from these several causes. 

Evils rusulting from the discbarge 
sewage into tidal rivers containing I 
water have oecuired at Glasgow 
towns adjacent, where the sewage i 
taken into the Clyde, and were inveafl 
gated by Sir John Hawkshaw in 18T^ 
who recommended its discharge int 
Firth of Clyde at Parland Head. 
discharge of sewage into the Thames w 
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also a subject of inquiry by a Royal Com- 
mission, and was disciiseed by Pi-ofessor 
Stanley Jerons in a letter to the I'tmes 
of DucGmber 2, 1878. I need only point 
out that tlie discharge of sewage into a 
tidal river involves coat for dredging. 

Rcgiirding sewage (which I do) as a 
thing to be got rid of, and for which we 
must be prepared to pay to be rid of it, 
there are manifest advautogeB In taking it 
out to 66!! or estuary. It shonltl, how- 
ever, in such cases, be discharged in deep 
water, at a eonsidemblo distance from 
land beluw the line of low watt-r, and 
where there is a well -ascertained current 
to caiTj' it permanently seaward. Careful 
tidal observations are needed before de- 
ciding on. the point of discharge. A spot 
where there is as oscillatiug action re- 
sulting in a return of sewage matter, 
either in the neighborhood of the dis- 
charge, or at distant places, to which the 
tide carries it, must be avoided — in other 
words, we must not allow a turn of the 
tide to carry one person's refuse to si 
body else. It ia difficult to imagine | 
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nnifiance resulting under carefully con- 
sidered conditions, more particularly if 
the discbarge pipe be some distance from 
tbe town, and tbe town itself well above 
tbe sea level. Still, even in all cases, it 
is wortb considering wbether or not 
some process of clarification may not be 
advisable. 

It is worthy of note that chloride of 
magnesium is itself a precipitating agent 
for sewage. Again, sea water, owing to 
the common salt present in it, has a ten- 
dency to reduce the ease with which or- 
ganic matter is oxidized. Thus the 
oxidation of the organic impurity of the 
sewage is less rapid when it is discharged 
into salt water, than it is when discharged 
into fresh. 

In the *' mud inquiry," the Conserva- 
tors of the Thames contended that cer- 
tain sewage banks in the river were caused 
by the sewage outfalls at Barking and 
Crossness. In time, these sewage depos- 
its putrefy, rise to the surface, give off 
offensive gases, ultimately sinking to un- 
dergo fresh putrefactive changes. It is 
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oertaia that in a tidal salt river, foul 
banks of sewage mud may form, which 
in ordinary rivers would not be prodnced. 
Of course, 1 admit that a strong tidal 
current might carry these maBsee away, 
bat in the absence of such current, tliey 
snbslde and mingle with the sand and 
mud of the beach. 



Pheoipitation Prooessbs. 

By " chemical precipitation," or " the 
chemical treatment of aewage," is im- 
plied the addition of certain chemicals 
to the sewage, whereby the depoeition of 
the solid suspended matters and some 
of the dissolved matter from the fori 
tion of in soluble compounds, togethi 
with the deodorization of the ofifenaiTsl 
constituents precipitated or dissolved, 
effected. The general features of a chem- 
ical process for Kewage may be thus da-i 
scribed : 

To tbe sewage (fi'om which the grosi 
suspended matters msy or may not 
removed) chemicals are added, either 



1 



116 

pended in water, or, if soluble, dissolved 
in water. After this treatment, the sew- 
age^is allowed to flow into subsidence 
tanks, where either it is allowed perfect 
rest for a few hours or is passed through 
a series of tanks continuously, in order 
in either case to allow the deposition of 
the sludge— that is, of the matters in 
suspension. The clear effluent is then 
allowed to flow either directly into a 
watercourse, or over land, previously to 
its discharge. The black fluid or sludge 
in the tank (of which 90 per cent, is water) 
is then all that remains to be dealt with. 
The precipitants to be employed have 
been subject matters of numerous patents. 
Of these we shall note the most import- 
ant. 

I. — Processes involving the use of Lime 
AS THE Chief Precipitating Agent. 

Lime. — The use of lime for disinfect- 
ing excreta was the subject of a patent 
in 1802 (Estienne). In 1844 Hme was 
used to purify the Manchester sewage 
before discharge into the River Medlock. 
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'ITita was done at the Buggestion i 
Clark, of Aberdeen, who at tbat ti 
rtt work at liis process for softening i 
ter by the use of lime, and as the result 
of which, be was led to suggest its use 
for sewage precipitntion. Ii was aban- 
doned for A time at Manchester on the 
ground of cost (a ton of lime being re- 
qnired daily), but was re-adop(ed in 1854, 
at the suggestion of Grace Calvert, who 
advised, after the addition of two or 
three grains of lime per gallon, cotnpJete 
rest of tlie liquid so treated in subsidence 
tanks, iiis i*eport stating that the pre- 
cipitate subsides rapidly, the supernatant 
water being clear, colorless, and inoffens- 

In 1846, Mr. William Higgs took out 
his pitlent for the treatment of sewage in 
subsiding tanks or reservoirs by meana 
of chemical agents. For the purpose of 
precipitating the solid animal and vege- 
table ma' ters contained therein, hydmte 
of lime (commonly termed stuck lime) 
was prL'ferred. In 1851, Mr. Thomas 
^^■ickBteed pat«Dt«d n process for manu- 
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facturing manure from sewage, etc., by 
admixture with lime, collecting the de- 
posit and submitting it to certain centri- 
fugal drying machinery, thus obtaining, 
to use his own words, " the manure as 
fertilizing material in a state commodi- 
ous for transport." 

Action of Lime. — When lime is added 
to raw sewage, a carbonate of lime is 
first formed. This acts as a weighting 
material, whereby, if the opportunity be 
afforded, the light flocculent suspended 
matters will be carried down along with 
the precipitated carbonate. In addition 
to this, however, a certain proportion of 
dissolved organic matter is also precipi- 
tated, the lime forming with the organic 
matter a compound of uncertain chemical 
composition. 

Grace Calvert, operating on the Man- 
chester sewage, gives the following as 
the average results of five days' treat- 
ment by lime : 



-Matters in Solution. — 



Total solids. Mineral. Orpranio. 

Raw sewage.. 32.00 .. 23.46 .. 8.54 
Effluent 25.76 .. 22.26 .. 3.50 



Tbe action of lime on London sewagM 
was the subject of a prolonged iDvesti] 
tion by Dr. Letbeby during tlie time 1 
acted as his BBsistant. 

In Calvert's esperimeots on Manchester 1 
sewage the lime effected the eotii'e re- J 
moval of tbe suspended matter (mineral I 
and organic), and more tban 50 per cent^ I 
of the dissolved organic matter. 
Ijetheby's and my own esperimenta, 
removal of all the Btiapeaded matter \ 
effected, and about one-fourth of the dis- 
solved organic matter. 

The action of lime was further investi- ] 
gated and reported on by Hofmann and J 
Witt, as one of the most promising of T 
the many processes for obtaining a dfi- 
posit from sewage, which, when dry, 
might be employed as manure, Opera* 
ting on Loudon sewage with 20 grainai 
of lime per gallon (800 grains of lime tol 
40 gallons uf sewage), the following i 
suite were obtained : 



120 



-Matters in Solation.- 



Total solids. Organic. Mineral. 
Raw sewage.. 107. 6 .. 62.36 .. 66.24 
Effluent 96.03 .. 40.34 .. 66.68 



, Matters in Suspension.- 



Total solids. Orgamc. MIneraL 
Raw sewage.. 52.49 .. 36.4 .. 16.09 
Effluent traces. . . traces. . . traces. 

In other words, 20 grains of lime re- 
moyed all the suspended matter, and 
more than one- fourth the dissolved or- 
ganic matter. 

After the addition of the lime a floccu- 
lent precipitate is formed. This settles 
at the rate of about one-fourth part the 
bulk of the liquid in one hour. The 
clear supernatant liquor is colorless, 
clean, and comparatively odorless. Hy- 
gienically, the process is successful — com- 
mercially, it is not successful, because 
the precipitate is mainly carbonate of 
lime and non-nitrogenous organic matter. 

These laboratory experiments are con- 
firmed by practical working. Thus 
Higgs' process was used at Tottenham 
in 1857, the results being so satisfactory 
that the Local Board of Health gave a 
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testimonial certiiying to its t 
(sewage tretited 175,000 gallons daily, ofJ 
sewage of 10,000 persons — 12 grains of ' 
lime added per gallon (1 ton per week) 
— dry precipitate obtained waa four to 
five times tlie weight of the lime used). 
That the success was uo mere accident 
is proved by the high eulogiuiu passed 
on the process by Normandy and Miller 
in the action brought by Higgs against J 
the Hitchin Local Board for an infringe- 1 
ment of his patent. 

Why, then, was not this hygienic aufl* 
cess continued' The renaon is obvious-t 



: Mineral Am'oub&fl 

Raw sewage. 54,50 .. 0.40 .. 45.01 ,. 2.Wf 
.... 48.89 ,. 8.01 .. 45.38 .. 3.84 1 



manure was found to be of bo little vaiiu 
thftt the uommercial result prored a faii 
are, Mr. Higgs transferred his espei 
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works for a merely nominal sum to the 
local authoritj', who (in spite of their 
teetimonial showing the capabilitiea of 
the proceas) bo neglected them, that 
ahortlj' after the transference, an injunc- 
tion was obtained by the trustees of the 
Kiver Lea, to prevent foul undefecated 
sewage being discharged from the works. 
CareJeasness and parsimony are certain 
to ruin the best of pracesBes. 

Wicksteed's process was adopted &t 
Leicester in ISSfl, the works, which cost 
£30.000 to £40,000, being managed in 
the first instance with marked success. 
[Sewage treated (1858), 2,000,000 gallons 
daily, or the sewage of 65,000 persons, 3 
to 16 grains of lime were added per gal- 
lon. Sludge (dry) was 3 to 4 times the 
weight of the lime need.] 

Vei-y high was the commendation pasB- 
ed ou this proeesH by Aitkin and Taylor, 
after a minute investigation in 1861, 
But the Oorporiition shirked the lime, 
and neglected the works. No wond^ 
that the Biver Soai', into which the e 
eiit is dieoliarged, became fou], a i 



Constituents . Matlera 

I)ere>iiloQ, Total Bollds. Orinuili;. MtneraLAia'ntit*. | 
Raw sewage. 70. 00 .. 13.49 ., Si. 51 .. S 
Effluent 68. OU .. 10. Q5 .. 66,34 ., 2.61 ] 

CongliioentB ,— — — Mftltara In Snspenaloo. . 

per talioa. Total wUds. Ur^auld. Mluetal. 

Raw sewage.. 10.19 .. 5. SO .. 13 UG 
Effluent 1.40 .. 0.411 .. 0,31 

which is certaiu to be attributed by par- 
tisane tu failiive of tlie Jioie process ra- 
ther than to itfi true cause, viz., the mia- 
erablb careleasnesa and false economy of 
those to whom the nuiungement was en- 
trusted. 

'I'be value of the shicSge precipitated 
by lime has been variously estimated as 
from 15b. 6d. to 29a. 6d. per ton. 
Vueleker, who tixed 15s- 5A., gives the 
following as its compoaitioQ : 

Value per ton. 

Hoislure 10. S2 .. — 

Organic mailer 12.46 ,. ill 

Pliosphiiti' ot lime. 2.t7 .. 7 

Mineral iimttur.... 51, "5 .. — 
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No doubt, as an agricultural article, 
this manure is worth very little indeed 
compared to the extravagant views enter- 
tained of its fertilizing power by the 
earlier patentees. Local authorities have 
to learn that to treat sewage means out.- 
lay, and that cost is no excuse for neg- 
lect. 

I conclude by laying down certain es- 
sentials for the successful treatment of 
sewage with lime : 

1. The lime used should be in a per- 
fectly caustic state, and before admixture 
with the sewage should be thoroughly 
slaked and mixed with sufficient water to 
render it the consistency of a thick cream. 

2. That the quantity added should not 
be less than ten grains per gallon, to a 
sewage that does not exceed thirty gal- 
lons per head of the population. 

3. That very complete agitation of the 
lime with the sewa^^e is advisable in or- 
der to Secure perfect admixture of the 
lime and flocculation of the precipitate, 
thus rendering the after subsidence more 
rapid. This admixture is effected pre- 



ferably by means of a paddle-whe 

the axis of which is at tlie water line of 

the well in which the mixing process ia 



4. Tbat after precipitation the defeca- 
ted sewage should How over an apron 
into a tank, which should be at least 4 ft. 
deep, and capable of holding at least one 
hour's sewage, and from this into u sec- 
ond tank over a weir placed half an inch 
below the surface and at the opposite end 
to the apron over which the sewage 
enters, this second tank being capable of 
holding at least four houi-s' sewage. 

6. Or, if this continuous process be not 
adopted, the defecated sewage should 
then bo allowed to remain at rest in a 
tank for at least one hour. 

6. That the sludge should be removed 
in summer time once in 48 hours, and 
after removal be pressed, or otherwise 
consoUdated and dried with all reaBon- 
able speed. 

The frequent removal of the sludge 
K matter of importance. If this be I 
done, it putrehes, rises in hirgi 
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and promotes the decomposition of the 
supernatant water. It is not difficult by 
the operation of a dirty tank to undo all 
the good done by chemical treatment. 
It will be manifest that a double set of 
tanks is necessary for successful working. 

Lime and Cblobide of Lime. 

At Hertford, in 1866, about 8 J bushels 
of lime and 150 lbs. of chloride of lime 
were used daily in the treatment of 
1,640,000 gallons of sewage per day 
(=lime 2 grains, chloride of lime JO. 64 
grains per gallon). Afc this time the 
population was 7,000, showing the great 
quantity of subsoil water that must have 
mixed with the sewage in its transit to 
the works (= 234 gallons per head). 
The lime (as cream of lime) added, was 
apportioned to the rate of flow by little 
buckets attached to a water wheel. The 
treated sewage was now discharged into 
a depositing tank. The tanks aie in du- 
plicate, each tank being worked three 
days, where it remained about forty min- 
utes, a period too short for complete 
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subsidence. The tank was divided under 
the water line by a cross wall, the sedi- 
ment being thus kept back, the supernat- 
ant water being then filtered through 6 
or 7 inches of coarse gravel and 3 inches 
of fine sand. The filter required cleans- 
ing daily. From the filter beds it pass- 
ed into an effluent channel about a mile 
long, to be discharged into the River 
Lea at Ware Mill. About 12 cwt. of 
sludge was removed daily. After flowing 
along the outfall channel for a quarter 
of a mile, it became clear, fish and vege- 
tation being found in the water in abun- 
dance. 

In 1866 the following analyses were 
obtained : 



128 



a 
o 

00 

a 

P. 
OQ 

:3 

00 



a 

• 1-4 



• • ■ • 

^H O 00 o ^ o 



OQ 



I 



G 

a 

o 



o ^ 

^^ OQ 



G 
O 



o 

OQ 



CO 



c! 



OS 

s 

•1-^ 



a 

o 









• ••••• 

1-hOCOOOO 



*0 W OO O"^ 

^ 00 CO CO CO b- 

« o «d 1-H lo o 



ift O O *0 00 Si 

O O CO o o ^ 

osi ic t-^ «o "^ "^ 

(M W d « W « 



O 
b- 



LC O 40 T-l 

C^ (M CO lO 



.1 <M 



i--? O O iO CO o 
Oi O CO C> CO o 

o 5P c; t^ o i> 

<M CI CI « CO C^ 



s 



CO 



CO 



_ _ ^ 

=3 - 3 - g 

3 p s 

<1 -< ;:: 

^ »* •^ 

U V o 

fcO bO bO 

ee 93 cs 

^ ♦r ^ ^-^ ^ ^J- 

G^ c ^ c ^ a 

ec r; CO -J 00 3 

^:g ^= ^E 

cflE «^ «E 



a 



® 



OB 



1 ^ 

Ma 

QD 08 
P ^ 

bo 5 

s§ a 
TO © 

O k 

o 

'S ^ 

p ^-^ 

P 

P ->* 
•f-t . 

s? § 

CO ^ 

t* to 

CO S 

p ns 

OQ 

P 









00 



e 



a 

9^ 



•7 OO 

O 



1^ 



e^» 



|5 • 



o 



o 

OQ 



OS 



CO 



^ 



§ 

S 

a 



POO 

of) • 

o 



2 CO 



o 






o 

bo 

08 

la 



129 

The cliloride of lime, altbough aalyi 
one third of a grain per gallon, not onlj I 
disinfected the sewage, but prevented the I 
growth of the sewage fungus. 

ilj experience enables me to speak I 
favorably of the employment of diioride 
of lime with hme, especially in hot wea- 
ther. About 56 Iba. per 1,000,000 gal- 
lons will be found, as a rule, fully 
sufficient for a sewage represented by 
thirty gallons per head of the population. A 



LmK A 



a Sulphate of Soda. 



^ulda'a J'rooeifK. This process i 
tried on a small scale at Pratt's cloth I 
mills (Yeadon, near Leeds), and at I 
Barusley Union Workhouse in 1873. 
The process was abandoned, the effluent 
not proving satisfactory. 

Salts of Maonesidm with Tab and Lime. 
J^ritz mile's frocena. — The process of 
Fritz Hille (patented 1870j was to be 
iised as follows : A mixture of lime 
(100 lbs.), gas tar (3 lbs.), chemical aalta, < 
viz., chloride of magnesium (17 lbe.},were^ 
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made into a paste with 180 Iba. of n 
Hille. however, does not bind himsetf'^ 
tbese exact quiintitiee, varying theca j 
cording to the composition, Btreogth, i 
quality of the sewage to be ' 
From the decomposition of the i 
sium chloride by the lime, a buliy ) 
cipitate is formed, which carries d 
siis]3en[led matter. 

The exact qnanlity of paste to be added 
must also be a matter of experiment. 
It will vary from ^ lb. to I lb per 100 
gallons, or from 10,000 lbs. ( = 4 tons, 9 
cwt., 1 qr., 4 lbs.) to 2,500 lbs. (= 1 ton, 
2 owt.. 1 qr., 8 lbs.) per million galloQfl. 
TbiK quantity, however, auppoaes subae- 
qiienfc filtration, 

Kille suggests that the sludge may be 
advantageously used again as a precipi- 
tant for fresh sewage, employing for thifl 
purpose a mixture of from two to five 
parts of sludge with one part of the paste. 
Further, he considers that depositing 
.tanks are not essential, but that the 
sewage aftei- treatment may with adran- 
tage be applied directly to the laud. 



If tanks be employed, they should nw 
be used for more tlian three days at I 

Saltb of Alumina. 

Numberless patents have been tokffllrl 
out for treating sewage by means ofiT 
compounds of alumina. 

If sulphate of alumina only be uae 
the ammonia of the sewage would i 
time effect its decomposition, resultingj 
in the precipitation of alumina. The-] 
action of alumina thus set fi'oe is to com- 
bine with the soluble organic matter, J 
with which it forma an insoluble com- 
pound. Thus it is used as a mordant or 
fixing agent for colors when apphed to 
fabrics, and to precipitiite coloring mat- 
ters from their solutions, forming insolu- 
ble compounds called "lakes," Ammonia 
and phosphoric acid are also Used by 
aluminous compounds. 

Utiithert (1S52) patented n mixture of 1 
sulphate of alumina (or sulphate of zinc)( f 
caustic lime aud charcoal (obtaintid troml 
Mwage or night soil), as a precipitant lot 
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sewage. The quantities suggested were 
73.5 grains respectively of sulphate of al- 
umina and charcoal, 3.5 grains of sulphate 
of zinc, and 22 grains of slaked lime per 
gallon. The lime was to be added first, 
and then the mixture of .charcoal with 
sulphate of alumina. Hofmann and Witt 
report (1857) the following results pro- 
duced with 5 ozs. of lime and 10 ozs. of 
the alumina mixture to 40 gallons of 
London sewage: 



-Matters in Solution. - 



Total solids. Orsanic. Mineral. 
Raw sewage.. 107. 6 .. 62.36 .. 55.24 
Effluent 87.73 .. 37.56 .. 60 17 



-Matters in Suspension. 



Total solids. Organic. Mineral. 

Raw sewage.. 52.49 .. 36.4 .. 16.09 
Effluent none. . . — . . — 

They record that the addition of the 
alumina caused a marked increase of sua- 
pended matter, as well as a largely in- 
creased flocculation and rapidity of sub- 
sidence. 

Stothert claims that a ton of the ma- 
terials, costing 30s., will make two tons 



of manure worth £2 2a. per ton, contain- 
ing, when dried, 1.44 per cent, of am- 
monia. 8.6 per cent, of phospliate of lime, 
at)<l 34 per cent, of organic matter. 

I do not know of this prooesB hnving 
been employed on a large sciile. 

Lenk's deoiJorizing liquid (patent, 1865), 
was a aolntion of alum cake (crude sul- 
phate of alaminn) containing 12 per cent, 
of aiamina. In the case of London sew- 
age, 25 gra. by weight of the solution 
sufficed to defecate a gallon efficiently, a 
very flocculent precipitate forming, which 
required about 30 minutes to subside. 

This process was tried at Tottenham 
in 1858 for about one week, one ton of 
solution (value £6 lOs.) being used to 
treat 4,900,000 gallons (700,000 daily). 
The following reauita were obtained : 



Total Bnllda.. 

'Saw sewage. .91.10 . 
^Bffiuent 63. S9 .. 






r Matters In Susponslon.^ , 

ToIaJwlldn. organic. MloenL 

Raw gowage. .307.7 .. SaS.U ..143.1 

Effluent 3.01 .. 0.77 . 3.54 
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The precipitation was very successful. 
Voelcker reported that " the efflaent 
might be poured into any watercourse 
without causing a nuisance." He valued 
the dry deposit at from 25s. to 30s. per 
ton. 

A curious history is here presented of 
a local authority, guardians of the public 
health, and moreover, under an injunc- 
tion not to pollute the Lea, trying a 
process for one week, which they admit- 
ted gave " fair results," and which others 
know to have been more than fair, and 
then abandoning it, whether from care- 
lessness or parsimony I do not know. 

Manning (1853) suggested as a sew- 
age precipitant, a mixture of animal 
charcoal, alum carbonate of soda, and 
gypsum, some caustic lime in addition 
being also advised. The use of alum, 
on account of its expense, was afterwards 
dispensed with (patent, 1854), by the 
employment of a waste obtained in the 
course of the alum manufacture from the 
rough liquors (called soft sludge, con- 
sisting of sulphates of iron and alumina), 
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and afterwards (patent, 1855), by the use 
of Tarions aluminous minerals and earths 
(alum slnte, &o.), treated mitcli in the . 
Bame way as that adopted in the prepara- 
tion of alum. 

The BewagR waa to be treated aa fol- 
lows: The aluminous preparation was 
to be added to the sewage, and the whole 
agitated, the unslaked Ume with animal 
charcoal being introduced during the 
mixing. The treated sewage was then 
to be allowed to subside in proper tanks. 

This process was favorably spoken of 
by Penny, of Glascow, who gives the two 
following analyses of the sludge : 



Anuuouia. , . , 

Phosptiate of lime. . 
Organic matter 



The former he regards as of tlie esti- 
ated value of £1 16s, S^d., and the | 
^tter of £1 15s. per ton. 

OoKFOUMiB OF Iron akd Alomina | 
(SuLPHATEB Clay), 
Jiir(C» Proi-ens. Six cwt, of powdered J 
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clay is treated with 120 lbs. of sulphuric 
acid, and the mixture allowed to stand 
for a week. 

The following are places where the 
process has been used : 

Stroud ( Gloucestershire), This solution 
of sulphate of alumina and iron is used 
in quantity equal to 28 to 37 grs. of 
mixed sulphates per gallon, at Stroud 
(population 8,000) in Gloucestershire, to 
defecate 200,000 gallons of sewage. 
The treated sewage is allowed to run 
into settling tanks passing from one to 
another through straw filters, and finally 
filtered through coke filters. The sludge 
is dried, and made into a manure by ad- 
mixture with sulphate of ammonia and 
phosphate of lime. 

The Stroud sewage was examined and 
reported on by the Rivers Pollution 
Commissioners in 1868, when a solution 
containing 6 cwt. of pulverized clay acted 
on by 120 lbs. of sulphuric acid was 
added to 200,000 gallons of sewage. 
They record the effluent as inodorous, 
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but not of a higti degree of purity. (Sea 
1st Report, 1808, p. 58,) 

Ohellen/i't/n. Bird's protiess was adopt- , 
ed at CbelteQhfMn in 18C8. It was suid 
not to t)e a Riiccesx. 

N'orthampton. In 1872, Northampton 
aewage, which was then 1,000,000 gallons 
a day, waa defecated with prude sulphate 
of alumina and iron, made liy the action 
of sulphuric acid on ti ferruginous clay. 
Three cwt. of chamber sulphurio acid 
were added to 2 tons of clay in a wooden 
trougli, nod allowed to remain in contact i 
for a week. The solution was generally 
found to coutain about 15 cwt. 
phated ferruginona compound. There . 
were six of these troughs 
entire soluble contents of cue trough 
being used daily. The Socculatiou was 
imperfect from the want of an efficient 
Btirritlg apparatus. Moreover, the acid 
of Uie chemicals caused effervescence with 
the carbonates present, a scum being 
formed from the rise of the suspended 
matters. This, however, was kept bac 
in the firdt tank by crosa-bars. The sei^ 
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age then flowed into a second tank, and 
finally over a weir into a channel a mile 
in length, when it was discharged into 
the river. The river itself was clean, the 
aquatic vegetation healthy, and fish 
abundant. 

The samples given below are averages 
of many samples taken over 24 hours. 
The effluents generally were clear and 
inoflPensive. 

, Matters in Solution. v 

Oxygen required 
Total solids, to oxidize. Ammonia. 

Raw sewage 73.60 .. 2.265 .. 4.98 

Effluent, 1st tank. 70.16 .. 1.980 ..4.19 
Effluent, 2d tank. 70.65 .. 1.243 ..3.247 

, Matters in Suspension. * 

Total solids. Orfcanic Mineral. 

Raw sewage 13.83 .. 8.48 .. 5.37 

Effluent, 1st tank. 4.97 .. 2.91 .. 2.06 
Effluent, 2d tank. 1.74 .. 1.11 .. 0.63 

About 400 tons of sludge were removed 
per week. This was mixed with sifted 
ashes (48 tons) and burnt refuse (20 tons), 
and found a market at 3s. per ton. 

In 1875, the proprietors of Bird's pro- 
cess brought an action against the pro- 
prietors of the Coventry process for 



infringement, i 
cesBfiil. 



wliieh they were uusiic- I 



A process {Ooblei/' a -pateat) similar to 
the one juat deacribed (the precipitants 
being said to conaist of iron, alamina nnd 
carbon) is in use at Crewkerae, the precipi- 
tant being placed in a bus with perforated 
sides, the sewage being allowed to dow 
throngh the box by which coutact with 
the precipitant was secured. There is no 
Btirxer, but sufficient mixing is said to be 
effected by the means desoribed. The 
patentee states that the precipitant can 
be supplied (exclusive of a small royalty) 
at £2 per ton. A good effluent, which 
does not undergo putrefactive change by 
keeping, is stated to be produced. 

At Hertford (population 9,(100) the 
sewage is treated with a solution of sul~ 
phate of iron (1 part), lime (2 partiS), and 
sulphate of alumina (2^ parts). It flows 
into subsidence tanks (7 in aU, 6 being 
used continuously }, and tinally throngh 
a coke filter. 



I 
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Lime and Salts op Alumina (Coventry 

Process). 

Anderson^ of Coventry, suggested the 
use of lime and an aluminous compound, 
prepared by adding 1 part of common 
sulphuric acid, mixed with its own bulk 
of water, to 2 parts of clay (shale having 
also been used). The mixture is to be 
set aside in a warm place until it appears 
white on the surface. 

One pound of this mixture is to be well 
agitated with 100 gallons of sewage, and 
a J lb. of lime (as cream of lime) after- 
wards added. He advises that the defe- 
cated sewage be allowed absolute rest 
for twenty-four hours, the clear effluent 
being then drawn off, and the sludge 
removed. 

Odling gives the following results by 
this process : 

, Matters in Solution. ^ 

Total solids. Organic matter. Ammonia. 

Raw sewage.. 42.77 .. 8.33 .. 0.77 

Effluent 56.28 .. 6.30 .. 0.84 

Matters in Suspension. — ^ 

Total solids. Organic. Mineral. 

Raw sewage.. 89.74 .. 51.66 .. 38.08 
Effluent 1.61 .. 0.91 .. 0.70 
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Both Odiing and Voelcker reported 

highly of this effluent, as thoroughly 

deprived of noxious ciiialititis- 

The dudge ia valued by Yoelckar at 

30b. a ton. ^e gives the following anal- 

yees: 

Moisture 13.01 .. 15.70 I 

Organic matter. 20.80 ., 31.8(1 | 

Piiosphaleof lime.. 3.00 .. 2.5,5 I 

MineraJsall e.lil .. 10.33 

Silica, etc 51.89 .. 3S.5I! 

100.00 -. 100.00 
Ammonia = 1 , 39 . . 1 . 23 

At Coventry the use of this process 
was commenced in 1874. It has been 
ably supervised for mauy years by Mr. 
Melliss, C. E. There are, at the present 
time, four precipitating tanks worked on 
the continuous principle, The effluent 
flows through filter beds occupying 9 
nores, used interjnittently, and is ulti- 
mately discharged into the Eiver Sher- 
bourne. 

The sewage of Coventry is about 
2,000.000 gallons daily, very foul, aud 
maeh colored with dye refuse, et<r. It 
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needs far more chemicals than average 
sewage. The sludge produced is about 
25 tons per day (90 per cent, moisture). 
About 2 tons of crude sulphate of 
alumina (but of which 2-6ths, being in- 
soluble in water, is not put into the sew- 
age), and 10 cwt. of lime are used daily. 
The cost for chemicals is said to be £1 
14s. per 1,000,000 gallons, and the 
entire cost (including rent, capital on 
works, management, etc.) about £4 14s. 
per 1,000,000 (= 1.8^ per head). 

Formerly, one portion of the sludge 
was got rid of in a semi-dry condition at 
7s. per ton, whilst another portion, dried 
and reduced to a portable condition, 
fetched £2 per ton. Some of the sludge 
was also ^' fortified '' by added chemicals, 
and fetched from £5 to £6 per ton. 

A similar process was also in use at 
Nuneaton from 1872 to 1876, when the 
arrangements between the Local Board 
and the General Sewage and Manure 
Company fell through, from some mis- 
understanding respecting the average 
daily flow. Nuneaton sewage is offensive, 
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owing to the presence of manufacturing 1 
refuse. From 400,000 to .500,000 gallons 
were treated daily. The effluent was i 
filtered through 2 acres of land. The | 
yield of mannre was about 1 ton dftily. I 
The cost was ae nearly as possible the 
same, as at Coyoutiy. 

'I'he A B CProcess— The Nativb Gc( 
Company. 

The patent of the Messrs. Sillars 1 
and Wigner (1868) cluim the uee of alum, 
blood, and clay (hence termed the A B J 
process), with other agents, viz., com- 
pounds of manganese and magnesium, 
chloride of sodium, animal and vegetable | 
charcoid, with the object 

(1.) Of deodorizing and purifying sew- 
age by means of these chemical sub- 
tances, and so obtaining a sediment 
which may be used as manure. 

(2.) The deodorizing and purifying , 
sewage by means of the mud already J 
preeipitated from eewuge as above c 
eoribed. 
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(3.) The addition of an acid to the mud 
in order to retain ammonia, and so fit it 
for use as a manure. 

The precise composition of the pre- 
cipitating material has been changed 
from time to time. When first used at 
Leicester, in 1868, the precipitating mix, 
ture consisted of : 

Parts. 

Alum 600 

Blood 1 

Clay 1,900 

Magnesia ' 5 

Manganate of potash 10 

Burnt clay 25 

Chloride of sodium 10 

.Animal charcoal 15 

Vegetable charcoal 20 

Magnesian limestone 2 

These werp mixed with water, and 
added to the sewage, until no further 
precipitate resulted. About 4 lbs. of the 
mixture were required to every 1,000 
gallons of sewage (= 28 grs. per gallon). 
Th^ treated sewage then flowed into sub- 
sidence tanks, where the sediment was 
allowed to deposit. This sediment was 
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used five or six times over as a precipi- 
tant, until its power in this respect was 
exhausted. After the sludge had been 
dried, a small quantity of acid (preferably 
sulphuric acid) was added to fix the am- 
monia, in which state it was claimed to 
be a valuable manure. 

In 1869, the 'process was worked at 
Leamington, the composition of the pre- ' 

cipitating mixtui'e being: 

Parts. 

Alum ,. 259 

Clay * 896 

Charcoal 56 

Clay blood 40 

Carbonates of soda and potash. . 6 

Previous precipitate 14 

Perchloride of iron solution 1 pint. 

This mixture was added in the pro- 
portion of about 61 grs. per gallon, at a 
cost of £16 18s. per million gallons of 
sewage. 

The mixture used at Leamington in 

1870 was as follows : 

Parts. 

Ammonia alum 886 

Clay ; 672 

Animal charcoal 16 

Vegetable charcoal 20 

Sulphate of magnesium 20 

Clay blood.,..'. : ^ 
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Of this composition 56 grains per 
gallon was found to be necessary. 

1873, the process was used for a short 
time at Crossness for the treatment of 
600,000 gallons daily of the sewage at the 
Southern Metropolitan Outfall. The 
mixture used had the following com- 
position : 

Parts. 

Sulphate of alumina 5 

Charcoal 29 

Clay 26 

Mixed with a little blood. 

This was added in the proportion of 
224 grains per gallon, and yielded 12.33 
tons of manure per milUon gallons of 
sewage (5.25 tons from sewage, and 7.08- 
tons from the added chemicals), the in- 
gredients costing £24 9s. 8d. 

Tottenham, Hastings, Bolton (1872), 
Southampton, and Leeds afterwards 
adopted the process, but in all it was 
abandoned on the groimd of cost. -At 
Southampton a contract to deal with the 
sewage was canceled after £10,000 had 
been spent on works, owing to some 
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fiiToDeous expectations respecting profits. 
At Bolton, 1872-1873, the chemicala 
used were aa follows : 

Parts. 

Sulphate of alumina. 71 

Clay 182 

Carbon (waste from prussiate oE 

potash factory) 81 

Blood, small quantity. 

This mixture was added at the rate of 
about 90 griiins per gallon. The quantity 
of aewage treated was 2,500,000 gnllona 
daily. The process was abandoned on 
the ground of eipense. 

At Leeds in 1870 (aewage 3,000,000 
gallons daily, of which the ABO Company 
were to deal with 2,000.000) the pre- 
cipitating mixture employed was : 

Alum 5,!KI4 

Carbon (refuse From pruaalatc of 

potash factory) 4,490 

Clay 7,480 

Blood mixture 56 

Lime 188 

About 12U grains per gallon of this ] 
mixture was omployed. 'llie cost fofa 
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chemioals per millicm gallons was £7 5s. 
The Company abandoned the works on 
June 1st, 1873. In June, 1875, however, 
they again treated the Leeds sewage for 
one week with the following precipitating 
mixture : 

Parts. 

Lime 15,990 

Animal carbon 18,556 

Alum 8,076 

Clay 16,848 

Carbolic acid. 28 

About forty grains of this mixture was 
used per gallon of sewage, at a cost of 
£2 8s. lOd. per 1,000,000 gallons. 

Another trial was made for one week 
in January, 1876, when the cost of chemi- 
cals was found to be £3 5s. 9d. per 
million gallons. 

The process, as carried out at Leam- 
ington (population 20,000, sewage 600,- 
000 gallons daily in dry weather), was 
successful. The ABC mixture was 
stirred into the sewage in a circular tank, 
from which it passed into two settling 
tanks, each set being used for one week. 
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there liekig three st'te of tftuks for alter- 
nate working. The effluent then flowed 
into a channel 850 feet in length, 10 feet 
wide, 4 feet deep, the laet third of ^bich 
was converted into a filter of sand and 
animal charcoal, having a superficial area 
of 3,000 square feet. The sludge was 
converted into paste by centrifugal ma- 
chines, revolving 1,500 times per minute, 
anil afterwards further dried by exposure 
1 to air. It was than spriukled with dilute 
sulphuric acid (1 of acid to 6 water), the 
acid being used in the proportion of one 
per cent, of tlie manure. It was after- 
wards heaped for a fortnight, durmg 
which time it heated considerably, form- 
ing a rotten compost, which was further 
diied and Bold for manure. 

About 28 grains per gallon of the A B 
C mistiire was employed, whilst the dried 
precipitiite, containing 20 per cent, of 
moisture, weighed about HO grains. 
Analyses of the effluent at Leamingt* 
as reported on by Dr. Letheby, are aa 
follows : 
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It will be noted in these aDalyses that I 
the chloride of sodinm in the effluent is J 
lees than that of the original sewage. I 
This may be partly explitiued by its di- I 
lution with subsoil water, and also by "I 
the fact shown by Voelcker and Way "I 
that marly soils possess the power of ra- j" 
moving alkaline chlorides from their I 
solntions. 

At Hastings the works were situate o 
the seashore. The ABC material wae I 
agitated by a machine mixer with the \ 
sewage, and after flowing through sub- 
siding tanks, was discharged into the J 



The ABC process depetids in great I 
measure on the alumina asaprecipitating 1 
agent. It is doubtfnl whether the blood 1 
is of any service, as it can scarcely b«'l 
urged that in the quantity in which it i 
added, the fibrin can be of much value 1 
aa an agent for entangling suspended I 
matter. The flay is mainly a weighting J 
agent, to assist the rapid nubsidence otM 
the suspended impurities. 

Of course the qiinUty of the i 



152 



must depend on the quality of the sewage. 
Hence, as we should expect, its composi- 
tion is not absolutely constant. Against 
the valuations of authorities we have the 
indisputable fact that it is being sold 
continuously for about £3 10s. per ton. 

Phosphoric Acid, Magnesia and Liime. 

IlerapatKs Process — .Blythe^^ Process, — 
The object of this mixture as a sewage 
precipitant is to fix the ammonia (as an 
insoluble ammonio-phosphate of magne- 
sia) which in the employment of lime, or 
iron and alumina salts, remains in solu- 
tion in the effluent, and consequently is 
lost. The lime, however (in common 
with iron and alumina salts) precipitates 
the phosphoric acid in the sewage. The 
use of sulphate or chloride of magnesium 
as a precipitant, in order to form the in- 
soluble ammonio-phosphate of magnesia, 
was first suggested by Sir James Murray. 
Herapath, in 1853, patented a process 
for the use of magnesia or one of its 
compounds, in order to \)recipitate the 
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ammonia and phosplioric acid ' 
about the same time as the deodorizatioit;! 
of the same aewuge is effected by th( 
uddltioT) of some chemical agent whicbv 
will not decompose ammonia or its salts," 

With this object he employod a mix.-J 
tnre of 1 part of sulphate of iron, and 4l 
parts of burnt magnesian Htnestonepl 
The process was tried at the sewage'l 
Works of St. Thomas, near Exeter, but 
proving unremunerative, was abandoned- 

Murrny and HerupatKii process did 
not meet nith the approval of Hofmann 
and Witt, on the ground that 1 part of 
the am monio- phosphate of magnesia is 
soluble in 45,000 parts of water contain- 
ing free ammunia and in 15,000 parts of 
pnre water, whilst in a water containing 
a salt of ammonia, it was soluble to the 
extent of 1 in 7,000 part£. 

In 1S58, Jil;///te tCousulting Chemist 
of the Board of Health) patented tho use 
of u solution of phosphate of magnesia 
in combination with lime or other pre- 
cipitating agent. 

The following is his desciiptjon of the 
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" Superphosphate of magnesia is first 
to be prepared by the mutual^decomposi- 
tion of superphosphate of lime and a salt 
of magnesia, the superphosphate of lime 
being obtained from bones, bone-ash, 
apatite, phosphorite, coprolite, phosphate 
of alumina, phosphate of iron, phosphate 
of copper, or any other substance con- 
taining phosphoric acid, by the aid of 
sulphuric or muriatic acid, or other acid, 
the proportions being, in the case of 
phosphate of Hme, one ton of phosphate 
to half a ton of sulphuric acid of com- 
merce, previously mixed with three times 
its weight of water, or three quarters of 
a ton of hydrochloric acid of commerce 
diluted with twice its weight of water. 
These are allowed to stand together for 
two or three days, being frequently 
stirred, and then they are mixed with a 
ton of sulphate of magnesia, dissolved in 
a small quantity of water, say a little 
more than its own weight. Powdered 
charcoal is then added in sufficient quan- 
tity (about one ton) to bring the mixture 
into a solid and coxiNetv\eiil ioxva. for 
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traoBport, When used for the purifica- 
tion of Bewage, it is to be dissolred in 
water, and added to the eewage in the 
propoi'tion of five parts of the phosphate 
to every 100 porta of sofid matter in a 
gallon of the eewage. The whole is then 
to be well mixed and thoroughly incor- 
porated by means of an agitator. If the 
sewage does not contain enough free 
ammonia or other alkali to neutralize and 
precipitate all the superphosphate of 
magaesia, lime is to be added, in the form 
of milkof lime, imtil the sewiif^e is faintly 
alkaline to test paper. By this means 
the ammonia- phosphate of magnesia ia 
thrown down as a flocculent precipitate, 
which carries with it, after the manner of 
a elarifier, any insoiuble impurities sus- 
pended in the liqnid. In like manner, 
instead of lime, he claims the use of any 
other alkali or alkaline earth, ae potash, 
soda, magnesia or magnesian hmestone, 
or aluinma. He thus produces n valu- 
able manure, containing, as he supposed, 
the ammonia, as well as the niti'ogenous 
organic matter of the sewage, and tl 
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phosphoric acid employed; * while the 
supernatant liquor being freed from am- 
monia and nitrogenous matter, liable to 
undergo putrefaction, becomes deodor- 
ized, and may be either applied to the 
irrigation of land, or run off into the 
ordinary channels of drainage without 
fear of creating any nuisance or offense.' " 

Way, in 1861, in the second report of 
the Commission to inquire into the best 
mode of distributing the sewage of towns, 
condemned the process as the most costly 
of all the plans that have been proposed, 
but on grounds that scarcely commend 
themselves to our judgment. I am ready 
to admit that the process may fail in re- 
moving the ammonia to the extent indi- 
cated by the patentee, but how it can 
possibly fail in removing the phosphoric 
acid (I am arguing now on chemical 
grounds), as Way's analyses show is be- 
yond comprehension. The only explana- 
tion can be that Mr. Way did not use 
sufficient lime. 

Many experiments were made with 
BJjthe's mixture, oi ^\i\e\i >(Xi^ loWo^in^ 
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are illustrations. Superphosphate of mag- 
nesia was added, in the proportion of 10.3 
grains of phosphoric acid per gallon, and 
:hen an excess of lime until the sewage 
was faintly alkaline. 

r Matter in Solution. » 

Total Phosphoric Am- Oxygen 
solids. acid. . monia. required. 

Metropolitan, 

Raw sewage. 68.33 .. .64 .. 6.88 .. 3.54 

Effluent 90.02 .. .60 .. 6.24 .. 1.41 

Coventry, 

Raw sewage. 46.61 .. .53 .. 1.16 .. .78 

Effluent 68 07 .. .05 .. 1.06 .. .48 

Matters in Suspension. » 

Total solids. Organic. Mineral. 
Metropolitan, 

Raw sewage.. 47.42 .. 27.51 .. 19.91 

Effluent .. 

Coventry, 

Raw sewage.. 21.11 .. 8.87 .. 12.24 

Effluent .. .. 

The dried precipitates had the following 
percentage composition : 

Organic matter 28.06 . . 12.16 

Phospliate of lime 27.11 . . 32.65 

Earthy matters 35.30 . . 45.60 

Sand, etc 9.53 . . 9.59 

100.00 100.00 

Nitrogen equal to aminon\&..\.^\ ^51^ 



f 
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The process purified the sewage suc- 
cessfully. One ton 3 cwt. of the super- 
phosphate compound and 4 cwt. of lime 
was found on an average to be required 
for 1,000,000 gallons. This produces 3 
tons 1 cwt. of a manure valued at £3 14s. 
per ton, the cjiemicals and labor to pro- 
duce which cost £1 15s., leaving a net 
profit of £1 19s. 

Blythe's later experiments showed 
that the magnesian compound might be 
omitted, and that the precipitated phos- 
phate of lime was as valuable for plants 
as the original superphosphate. 

Arrangements had been made to try 
the process at Southampton and Leicester, 
but fell through, owing to the death of 
the patentee. 

Phosphoric Acid, Lime, and Alumina. — 
Phosphate Sewage Process. 

The patent of Mr. David Forbes, F. R. 
S., and of Dr. Astle;/ Puston Price was 
taken out in 1870. It consisted in the 
use of an acid solution (sulphuric acid 
being generally employed) of natural 
/?22osphate of alumma, mVXi ox ^\\Xiq>\3A» 
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lime or carbonate of lime. The object 
was to employ a precipitant of mannrial 
value, in order to obtain a eompoat of 
high fertilizing power. 

The phospbate of nlumina was obtained' 
from the "West Indies, wliere it occurs in. 
each euormoiia quantitieB that on one 
iaiand alone the ileposit is estimated at 
9,000,000 tone. It contains abont 
per cent, of phosphoric acid and 25 pOT 
cent, of alumina, with abuut 2.5 per cent, 
of peroxide of iron. It was formerly! 
supposed to be phosphate of lime, bufcj 
analysis shows that the material do&t> 
not contain more than 2 percent, of lime. 

Esperiments with London and Coven- 
try sewage, in which was added 33 grains 
per gallon of the phospbatic material (.=^ 
10.38 grains of phosphoric acid) dissohed 
in its OWE weight of cotamei-oial sulphi 
acid, gave results as follows : 

, MattoM In Soludon.- — 

Total PhoiiihoMc Am- OtyBan 

London. 
Raw sewage, 68.33 ., O.04 .. G.38 
Effluent lOO.OT .. 0.B8 .. S.70 

CoMntrff. 
RsWMWAge. 40,01 .. «,&S .. \.\ft 



I 



160 



4 Matters in Suspension. » 

Phosphoric 
Total solids. Organic. Mineral, acid. 

London. 

Raw sewage. 47. 43 .. 27.51 .. 19.33 .. 0.68 

Effluent .. ..0 

Cocentry. 

Raw sewage. 21. 11 .. 8.87 .. 11.96 .. 0.28 

Effluent .. .. .. . 

The dried precipitate gave as follows: 

London Covent'y 
sewafre. sewage. 

Organic matter 24.80 . 10.40 

Phosphate of lime 16.82 . 22.11 

Carbonate of lime and magnesia 49.39 . 68.14 

Silica, etc 8 99 . 9.34 

100.00 100.00 
Nitrogen equal to ammonia 1 . 41 . . 91 

Tlie effluent was clear and without 
smell, much soluble organic matter being 
removed. The process, however, is pe- 
culiar in this respect, that if no lime be 
added after the precipitating material, 
much soluble phosphate will remain in 
solution. The effluent may then be used 
for irrigation, no nuisance being likely to 
result from the use of the clarified water, 
the manurial value oi >N\i\e\i n^vU be con- 
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Mderable. In otlier words, we atreitgfchen 
(the patentees would say) the manurial 
value of the aewage, and purify it by tha . 
same operation. 

If lime be used, the deposit may bo'l 
made to contain any proportion of phos 
phate of lime (indeed it may be rendered I 
almost pure bone eurtb), neceasaiy to ' 
pay its cost of carriage to a ciisfance. 
Thus to effect a good nanitary result a 
small quantity only of precipitating mat- 
ter ia required, wliilst a commercial suo- 
cesa may be effected by tbe iiee of a large 
quantity of tbe precipitant. 'I'bua, if two 
tonB of tbe phosphate be added to every 
1,000,000 gallons of London sewage, it 
would yield four or five tons of manure, 
containing 15 to 18 per cent, of phos- 
phoric acid, whilst if three tons be added 
per million, a manure would be obtained 
worth, according to Voelcker, £7 7s. per 
ton, and having a compoi^itiou as follows ; 
Per ceut. 

I'JKobtiire 3.9S 

I Organic matters. . 30.11 

Iphocphoiic acid,. iS. 52^62.20 irLbasiu { 
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Per cent. 

Lime 13.09 

Alumina, etc 29.95 

Sand, etc 4.35 

100.00 
Nitrogen 0.57=to ammonia 0.69. 

The only place where the process was 
worked to which we need refer is Hertford^ 
where the process was in operation for 
two years (1876-1877). The results were 
good, but no details are given as to cost. 
The company paid £100 per year rent 
for the works, and received £300 per 
year as a subsidy from the corporation, 
Z.6., at the rate of 7d. per head of the 
population. 

WhitthreacVs Process (1872). — The 
patentee employs superphosphate with a 
little milk of lime, the object being to re- 
cover the phosphoric acid in the sludge. 

Dugald CamphelVa J^rocess. (1872). — 
The patentee employs superphosphate 
and some lime. It was tried at Totten- 
ham in 1872 for six days on 3,600,000 
gallons, at a cost for chemicals of £16 6s. 
5d. per million gallons, yielding 6.8 tons 



of msDure per Tuillion, valued at £5 pel 

It was also tried experimeu tally (1873 
to 1875) on the metropolitan sewage, 
when the chemicals reqiiired to produce 
a good effluent were found to cost at the 
rate of £22 6s. per million gallons. The 
dry mnjiure was valued at from iJS 15s. to 
£4 15e. per ton. 

Saits of Ikon. 

Brown (Feb. Ie47) patented the use of 
the Bulphates and chlorides of iron aB 
sewage disinfef^tontH, and £!llermim{OQi. 
18i7) the use of the chlorides and pyroly- 
nates (acetates) of iron. Ellerman'e fluid 
(price Is. 6d. a quart retail, 9d. wholesale), 
contained from 24 to 43 per cent, of the iron 
salts named, and had a specific gravity of 
from 1336 to 1443. 

Dale's Jtuid{Bp. gr. 1450, price fid. pep 
gallon) was a strong soliitiou of per- 
chloride of iron, and was proposed by 
Hofmann, Frankland, and Miller, for de- 
odorizing the Thames during the 
Bommers of 1657 and 1860, on thegroi 
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that it compared favorably, as regards 
cost, with lime or chloride of lime. Thus 
they said 1,000,000 gallons of London 
sewage required for deodorization the 
following quantities of the several ingre- 
dients named : 

Cost. 
S, 8. d. 

86 gallons of Dale's fluid 1 13 

400 lbs. of chloride of lime . . 2 2 10 J 
132i bushels of lime 3 6 6 

They remark that the sewage treated 
with lime became offensive after three 
days — with chloride of lime after four 
days-whilst that treated with perchloride 
of iron did not become offensive even 
after nine days. The use, however, of the 
iron was objected to by Odling and Lethe- 
by, both urging that a black mud would 
form in the river, which, after a time, 
would undergo putrefactive changes, and 
be more unsightly than even the sewage. 
Letheby also urged the quantity of arsenic 
in the perchloride as an unanswerable ob- 
jection to its employment as a precipitant 
where the sludge is not removed before 
the treated sewage is allowed to escape 
into the river. 
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Dale's liquid (130 gallons to 1,000,000) 
■was used at Croydon in 1852 and 1860. 
The results were not satisfactory, because 
the suspended matter was imperfectly re- 
moved, the irou anlpbide giving the ef- 
Snent a black and polluted appearance. 

Dover's patent (1851) claims the use o 
acids with iron filings or oxide of i 
and protosulphate of iron, the defecate 
sewage being afterwards filtered througfaj 
charcoal, peat, etc. 

JIfitdie's disinfectant, a preparatio 
dry copperas, is valuable for the dei:)dori<il 
zatioQ of drains, etc., owing to its prop-l 
erty of absorbing ammonia and sulphur' 
etted hydrogen. It is hardly suited for 
the defecation of sewage, although it acts 
well as a general disinfectant, for winch 
purpose it is largely used in the French J 
b1 augh ter -houses. 

LiUE, Sulphate of Ieos, and Coal 
Dust, — Holpen's Process. 
This mixture, as a sewage precipitant] 
wae patented by Jules Houzeau 
Devedeix (1866), and viBfi Maed ■&*. T 
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ford by Mr. Holden (hence known as 
Holdens Process). The sulphate of iron 
was to be added first, and afterwards 
milk of lime mixed with coal dost. The 
use of clay is also mentioned in Holden's 
patent The treated sewage then flows 
into subsiding tanks. A clear and inodor- 
ous effluent can be obtained, about one- 
half of the dissolved organic matter 
being precipitated. The manure is of 
little value. 

Bradford. — The process was tried in 
1868 on 130,000 gallons daily. It was 
reported against by the Rivers Pollution 
Commissioners, as giving a clear effluent, 
but of a quality worse than the original 
sewage, founding their opinion on the 
quantity of organic nitrogen present. 
They supposed that the putrescible or- 
ganic matters in suspension passed into 
solution by this treatment. Further, they 
considered the hardness of the effluent 
an objection to its being allowed to pass 
into water-courses. 

Marsden and Collins Process consists 
in ihe use of hme, carbon waste from the 



167 

prussiate manufacture, house asLet 
and pereliloride of iron. 

This proceaa was used iu 1874 at , 
-Bolton, in dealing' with one sixth of the 
aewaf^e (population, 93,000). The cost • 
of chemicals was given at £1 7s. 3d. per 
million gallons of sewage, the total cost 1 
being £7 1-ia. SJd. per million. 

Hanson's Y'rooess (1875) employs lime, 1 
black ash (tank waste, oi' refuse from ' 
alkali works, containing sulphides of cal- 
cium and sodium), and red hitmatite 
treated wiih sulphuric acid. 

This process was tried at Ijeeds, the | 
chemicals used being in the proportioi 



Black asli 

Red hnsmiitite and oil of vilriol . . 



Two tons 16 cwt. and 1 qr. wei-e added 

to every 1,000,000 gallons, at a cost ot 

I £3 Ss. 8(1. per million. The effluent was 

aid to be good. Its use was diBOon- J 
I <tinuad in April, 187ti. 

A modification of this process is novr 
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in use at Leyton. The process was adopt- 
ed in 1882 by the Golcar Local Board. 
GoodalVs Process (1876) employs lime, 
animal charcoal, ashes, and iron liquor 
(solution of sulphate of iron). 

Lime and an Iron Salt. 

At Ealing the Hme (20 cwt. per week 
to 3,000,000 gallons) is added to the sew- 
age in the course of its transit to the 
subsidence tanks. These tanks, each 
measuring 64 ft. X 10 ft. X 10 ft. deep, 
are divided into five compartments by 
cross planks, where the lime precipitate 
subsides. In the last subdivision of the 
tanks, the defecated sewage is treated 
with an iron solution (crude sulphate 15 
cwt. to 3,000,000 weekly). The sewage 
then flows upwards through two filter 
beds (No 1, gravel, 30 ft. X 10 ft. x 2 ft. 
thick ; No. 2, sand, 60 ft. X 10 ft. X 2ft. 
thick), the effluent being clear and in- 
offensive when discharged. 

Al Northampton, in 1862, lime (as mUk 
of lime) and chloride of iron (in solution) 
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wei-o used as sewage precipitauts. The 
constituents were mixed together, . 
80 decomposed, before they were added 
to the Bewage [60 lbs. of solid chloride 
of iron, 12 bushelR of lime to 400,000 
fjallons of sewage daily]. There was no 
mechanical contrirance to mis the sew- 
age with the chemicals. The sewage 
after treatment passed into two subsid- 
ing tanks (40 ft. x 30 ft. and 60 ft. X 30 
ft., each 6 ft. deep), from the second of 
which it flowed over a weir into an out- 
fall channel a mile in length, being ulti- 
raately discharged into the Kiver Nene. 
The tanks were worked for a fortnight, 
when the sludge was conveyed iuto pits, 
and mixed with the town refuse, the | 
manure I'ealizing Is. 9d. per load. 

Ijetheby reconiraended adding the iron 1 
Bait to the sewage first and the lime after- 
wards, and that some mechanical contri- 
Tance for stirring the treated aewage both 
after tbe addition of the iron aud the 
lime should bo adopted. He considered 
4.6 grains of chloride of iron and 16 grains i 
■of lime per gallon was needed. Them| 
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details were adopted, and the results 
obtained were exceUent. 

Some difficulty having occurred in 
procuring the chloride of iron, a solution 
was prepared on the works of 9.400 
grains per gallon. A fit of economy then 
led the authorities to reduce the quantity 
to 0.006 grain of chloride of iron and 
5.88 grains of lime per gallon, quantities 
manifestly insufficient, under which treat- 
ment it was seen and reported on by the 
Rivers Pollution Commissioners. 

For a short period combinations of 
lime and salts of iron were used both at 
Clifton and Cheltenham. 



Having now dealt with the various 
precipitants suggested, to throw down 
the suspended matter and coagulate a 
part of the dissolved slimy organic mat- 
ter of sewage, let me note that these 
precipitants, for practical purposes, are 
lime, chloride of magnesium, sulphate and 
phosphate of alumina, and salts of iron, 
alone or in conjunction with each other. 

In addition to these, clay and other 



weigbting bo&iu iQpa&tfr wja, ^haevj^ 
and other a Law t i i MLi nnmKiiKffc. jjv^ 
been added n&der nie ig nH meoi^ 
^y In adeethig a AeasaaL jsa^iman^r^ 
main poinls pnaest ^laxMrvs %^ lu - 

1. That. eoftsateBedrr -vita. TnTdrrj vf 
effluent, the ^ii^m«<V»* th^ «i^*iJif be 
cheap. 

2. That the pr««qxsac:s far>iSi£i«^ aii 
a deodorizer and 4aaasfitftum:!i mk -w^ ist 
a precipitant. 

3. That die prec^tas^ :sae:Me% 
shonld subside npidiT. 

4. That the waammsEi y ^ rhj ^yr'^ik 
be obtained with die mfiiicrrsr. '.^^fty^*^ 
in other words, with the »Tidiri^;t^'^'::Ar.t.tT 
possible of dtemicals., 

5. That the aiodge fihfjTLA pacr vith- 
its water readDr. 

I now i^»proach the reallj pTa/r*,;^^! 
question, asked all orer tr.e cz/Tir.trv, 
from ererj samtary author: tj. ofU:Ti ii; 
tones of painful despair, riz., /Ay>r ^/<^/^ 
«;« deal leith our 9evs<f.ge f 

And here let me sar there in no one 
answer that can be given to thin qne«)- 
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tion. The adviser, to advise fikcdyv mnak 
\)^, 'pTd^Tf'A tfj sink his bobbj, be it the 
hobby of pirecipitation or the hobby of 
irrigation, remembering that wfailat eon- 
ditioT^i^ favorable to his hobby may 
f;^i»t at one place, conditions abso- 
Intdy unfavorable may exist at another. 
Furth^ir, it in of no use tellingr how 
HO f fid f>et plan, say, of irri^tion or 
(ff f >r^;fn pi tation, has succeeded at some 
ffjin f)hicfj or another, persuading* lo<»l 
authorities to undertake a pilgrimage of 
InHper^tion Calthoug'h they are usually 
TfM(ly enoijr^li to do so), and arguing that 
beraiiHf; siieh and such plan has succeeded 
at A, th(;refore it will succeed at B. 
T\ifTf'> is no universal remedy for the 
sfiwa^e (liflicjiilty, and no one plan of 
troatrrM^nt to Ixj laid down. 

Whnn people; say, "The whole thing is 
easy enongli, only do this oi* do that," be 
ccrtfiin they have not grasped the diffi- 
culties of tli(^ subject, and, I fear, know 
little about it. 

Ijet nie atten4)t, however, to suggest 
certain fundamental propositions that 
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may serve ab a stELi'ting point in advising 
local antborities : — 

1. Towns muBt be prepared to pay to 
be olean. Yon will never be able to m&ke 
your sewage pay yonr rates; — on the 
contrary, experience shows tliat yoa 
maat purify your sewage at tbe expensai 
of the ratea. 

2. That health demands that yonr 
sewage ehonld be got rid of, and pnrified 
at any cost. Minimize the cost, but pay 
you must for pnrification. Hence yon 
mast be prepared not only to borrow 
money to erect works, but for an annual 
expenditure after the works have been 
erected. 

3. That no matter how perfect your 
works, yonr sewage will require constant 
attention, Sunday as well as week-day, 
night as well as day. 

i. That to let unpurified sewage pass 
into a stream means passing your filth 
on to your neighbors. Sewage ought to«j 
be treated wbei'e the sewage is pro- 
dnoed, as far as it is possible. And 
considering this aspect of the subject, let 
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another kind of engineering treatment 
and another kind of sewage. 

2. Is this properly constituted land 
reasonably 7iear to the town, so that the 
cost of conveying the sewage to the land 
will not be excessive, but at the same 
time reasonably distant, so that the town 
may not derive injury from the nuisance 
likely (we might almost say certain) at 
times to result? 

8. Is the land of such a level as to 
necessitate pumping ? Is it near a water- 
course, canal, railway, etc. ? 

Let me suppose these questions an- 
swered satisfactorily. A very serious 
further question has now to be con- 
sidered, viz., where is the effluent to be 
discharged ? 

The importance of the question is this. 
In all irrigation schemes, of whatever 
nature, we are dependent for effective 
purification, on effective land, in effective 
order. The action of land may become 
ineffective from circumstances over which 
we have no control, viz., frosty where the 
ground may become absolutely impene- 
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trable, and leater-logginif, m tamee of 
heavy rains, when tbe sewage is in far 
greater quantity tlian normal, and for a 
time at least more foul tliiin normal, from , 
fliiRhing of the sewers. 

Hence, if the outfai! is into a river I 
where considerable purity, and unfailing \ 
continuity of purity, is demanded, an | 

igation scheme is, to say the least, 1 

e. If. however, the dischiirge be into 
the sea, or into a tidal estuary, or int 
stream where the ocoaeional discharge of 
a little doubtful water is unimportant, on 
irrigation scheme, pure and simple, may | 
pass muster. 

secure land for a sewage farm (even I 
after the proper land has been found) is ' 

an easy matter. It often means a 
fancy price. It means, too, a mass of 
opposition from adjoining property hold- 
ers, who suddenly discover that all the 
fielde in the vicinity of the land selected 
are building ground. 

I do not mean this as an objectioQ I 
peculiar to land required for irrigation J 
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f^ Another matter has to be considered. 
If land be taken on lease for a sewage 
farm, its renewal may prove difficult 
T\ui lease of the Croydon farm expiras 
in 1892. 

I will at once admit that my own ex- 
ji()ri(mc;e lias led me to the opinion that 
greater advfintaj^es result from a com- 
bined ])r()<;eHH of precipitation and irriga- 
tion than can be obtained by either 
ludtliod independently, admitting as I do 
to the full, that a good effluent may be 
obtaincid by a precipitation process alone, 
nefirly aH good, in fact, as any effluent 
thai can b(» obtained by irrigation. A 
precipitation scheme by itself has these 
two oTiorniouH advantages over irriga- 
tion, viz. (1 ) itn (efficient working is totally 
indnptiiKhmt of weather, and (2) that, if 
Hufflciently large works be erected, any 
emergency of quantity can be met. Pre- 
cij)itation has had its greatest enemies in 
its most earnest advocates. Extravagant 
advantages have been claimed for it. The 
sludge has been advertised as of enor- 
mous manurial value. Patents by the 
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hundred have been tiiken out. Precipi- 
tation ftdvocatea have beyn for the moat 
part advocates of a system in which they 
are interested. And tliure is no wonder 
that distrust in precipitation achemea 
have ariBen, wjien the claims put forth 
by enthusiasts and patent- mongers have J 
been weighed in the balance againat the I 
facts, and found wantiug. I 

Supposing, then, we determine on a I 
precipitation process, there ariBes the I 
first (Treat qaestion, lohat precipitant I 
»hail be u»ed ? Here two points must be I 
considered. At any rate it will not be I 
disputed : — J 

1. Tliat, consistently with efficiency I 
and purity of efKuent, the chemicals I 
sliould be cheap. I 

2. That the smallest quantity of chemi- I 
oals that experience proves is capable of I 
doing the work properly should be added I 
to the eewKga, so as to minimize the J 
quantity of sludge formed. M 

I am anxious to be in uo sense tlisf 
advocate of any one system of precipitA-l 
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tion. I will admit, however — the proceM 
now IB not 11 patent, and if it were I 
should Bpeftk with greater caution— that 
the ABC turns out the best effluent 
with which I am acquainted, Mj own 
esperienee leads me to speak very highly 
indeed of the combined use of lime and 
sulphate of alumina. The quantity of 
lime which is to be added first should be 
such as to render the sewage faintly 
alkaline. Probably nt the rate of from 
five to seven grains per gallon will be 
needed for this pui-pofie. It should be 
added ae milk of lime, and should be 
thoroughly stirred in by means of a 
paddle-wheel, or other eflScient raiser. A 
flow of a few yai'ds should now be allowed, 
to permit the aggregatioa of the precipi- 
tate. This having taken place, a solution 
of crude sulphate of alumina, in the 
proportion of about five groins of snU 
phate of alumnia, is to be added, and the 
sewage again actively stirred. In the 
alkaline condition of the sewage, the 
alumina wiii be precipitated, and will 
then combine with a portion of the 
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organic matter, forming together nn in- 
soluble precipitate. Thus treated, the 
sewage should be allowed to flow into 
tanks for the precipitated mattera to col- 
lect. 

Let tne attempt to indicate the effects 
of such treatment. A portion of the 
lime will be at once converted into par- 
bonate of lime, by combining with the 
carbonic add present in the sewage, and 
serve as a weighting material to aid 
the deposition of the lighter flocenlent 
materials. This mechanical action of the 
lime carbonate is of great importance. 
The flocculent suspended matter is no 
doubt one of the most important materi- 
als to remove, because it is that ingredi- 
ent of the sewage whicJi readily pntrefies, 
and in this way causes a nuisance. It is, 
moreover, so light that, unless weighted, 
it is di£Gcu!t to precipitate. A second 
portion of the lime combines with soma 
of the organic matter in solution, pro- 
ducing an inaolnble precipitate (of u: 
certain composition) of a compound of 
lime and organic matter, the subeidence 
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of which is again assisted by the forma- 
tion of the carbonate of lime previously 
described. A third portion of the lime 
renders the sewage slightly alkaline. 

The alumina salt is now to be added. 
The alumina is precipitated, owing to the 
alkalinity effected by the slight excess of 
lime. This alumina combines with some 
of the organic matter in solution, not 
precipitated by the action of the lime. 
The power of alumina in combining with 
dissolved organic matter, and so remov- 
ing it from solution, is taken advantage 
of in many commercial processes. 

Respecting the iron salts, one strong 
objection to their use is, that if the 
effluent be discharged into a river, the 
stream is liable to be blackened from the 
formation of a sulphide of iron, a condi- 
tion likely to be mistaken by the general 
public for a sewage deposit. I have, 
therefore, of late, admitting the value 
of iron compounds as precipitants, hesi- 
tated to recommend their use, save under 
very exceptional circumstances. As re- 
gards the use of phosphates as precipi- 



tants, the effluent ie nlmost certain to J 
contain some pbosplioric acitl, which I 
erreatly aids the growth of low forms of I 
fungoid growths, amoiifiBt which may h 
inclviiled the so-called Beware fimgiiH. 

It is advisable that the effluent, before 
its discharge into a etreanj, be at least 
nontnU and preferably elightly acid. 
'fhis condition is easily brought about 
by the addition of a nmall qnautity of 
acid to the effluent before its esoipe. 

The effliieot, after treatment, will no 
doubt have a slight odor. This is not, , 
however, a sewage smell. If in this (i 
dition of coraparative purity — indicated I 
by absence of color and freecl.im from j 
Buapended matter — it be allowed to flow | 
over and through a email area of land (a I 
loamy aand or grave! by preference) to J 
serve as a chemical filter, high degree ofj 
purity may be obtained, and the finer T 
finishing touches of purification effected. T 

The evils of irrigation under such cir^ I 
cumstances do not arise. Such a filtra- ' 
tion of the efHnent (1) cannot produce a 
Duisanca, because it contains no foul bub- 



pended nrnttera to collect on the 8iirfac« 

and putrefy ; (2) it cannot cJog tbe 
ground because the gelatinous and papier 
jnfff^' matters in solution have been re- 
moved \ whilst (3) it has a certain manu- 
rial value, the quantity of ammonia ia 
solution being not much less than that of 
the original sewage. 

Again I may quote from Dr. Monro's 
paper, who, it will be remembered, doubts 
the advisability of ordiniiry irrigation as 
a general process, on account of iniper- 
vious deposits choking the pores of the 
land. He says, "The removal of the 
suspended matter, however, from the 
sewage, renders irrigation much more 
practicable. With a cleai' effluent and a 
porous soil, the nitrifying power brought 
into play is enormous, and a uiodemt^ 
area of soil, whether of grass land or 
arable, can deal with large and almost 
rMtitinnouB doses of sewage water.'' Dr. 
Monro points out that the presenoa of 
objectionable organic matteria as destruc- 
t'ive to nitrification as the clogging of the 
porea oi the soil, ot a. %tw>.\, \<y««t«i^ 
o/ temperature- 
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*The following fftble will give Bome 
idea of the cost of chemical treatment of 
water-carried sewage. 

I may be asked what quantity of land 
is needed where sen-age lias been effi- 
ciently precipitated. Ayain the answer 
will depend on the nature of the land. 
But if I say an acre to every 5,000 to 
7,000 people. I am well within the results 
of my experience. 

Sewage works of the kind I have men- 
tioned can be carried out without the 
alightest nuifiance. The raising should 
be done in closed wells. Tiie mixture, as 
it flows into the tacks, should, if suffi- 
cient chemicals have been used, be as 
free from odor, at the distance of a few 
feet from the mixer, as eominon wat«r. 
The land cannot possibly produce noxious 
effluvia or poisonous vapors, because tile 
aawH^e has already been treated 
anUaeptic precipitants. 

Of course al] depends on the tre»tmeat' 
llftTing been efficient. Success in 
treatment of sewage ohevs Ihe 
laws in this renpect as succe»8 in 
else. 
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^I am deairous here of pointing < 
certain details of treatment essential fai 
the Bucceas of a precipitation process :— ■ 

1. It is necessary that the 
treated should be fres/i — by which ' 
mean sewagre in which active pntvefafstiva 
changes have not taken place. Perhaps, 
speaking generally, the sewage should 
not be more than 48 hours old for effect- | 
ive precipitation. But it is certain tliat^ 
with a sewage of not more than 
hours old, a far better result, 
smailer amount of <-liemieals, can 1 
obtained. In fixing, however, the timogfl 
a certain elasticity must be all 
elasticity by way of extension in winter 
and of couipreasioit in summer. I have 
said the treatment should be efi'ected j 
b^ore active putrefaction comi 
In sewage, the deo( imposition 
different constitneuts tnlces place 
different times, in some cases the periods 
of active change being separateil by 
periods of practical rest. I'haa a certaia_ 
alteration in sewage takes plnce aim 
lAUUediatelj. This rei6\\\\A 
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other changes) in the breaking up of 
the iirea, and the formation from it of 
oarboniite of ammonia. It is a rare thing 
indeed for any sewage, when it reaches 
the sewage works, to contain more than 
a trac^e of urea. No nuisance reaulte 
from this change of the urea. A coo- 
sideriible interval occurs before any other 
putrefactive stage occurs, and it is during 
this interval wJien the precipitation should 
be effected. If this period be allowed lo 
paBB, increased difficulty in working nh— 
suits. 

2. The straining of the sewage befoi 
treatment, in order to remove rags, oorld 
and the various et cetcrus, b 
rats, walking sticks, etc., that come doiR 
along with the sewage, is advisabte t 
not essential, in order to prevent a 
lations on the siirfauA of the 1 
Fixed wire gratings are objectionrf)l«, U 
the ground of tiieir becoming so ( 
choked. Baldwin Latham's extraob>V'| 
employed in several places with eat 
It is essential that sufBoient cb 
I cals bo employed to effect oomplste j 
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cipitation, disinfection, and deodori/ationii 
of the sewage. 

Xo greater mistake u&n be committed 
than to starve the chemicals. Tu this 
must be attiibuted many casea where a 
precipitation process has proved a failure. 
A local authoritj will spend a large am 
in erecting works, perfect in architectaral 
detail, exciillent for sewage treatment, 
whilst they shirk a small annual payment 
for the neeessai-y cheinicali 
scarcely point out that efficient worka 
will not purify sewage. They ai'e but, 
the means to un end. It is better 
calonlate the amount of chemicals to 
used on the population than on 
quantity of sewage. 

4. It is essential that after the chemi- 
cals are added, the mixture should be 
well stirred. The chemist understands 
the value of the stirring rod in order to 
effect perfect chemical contact. My own 
experience is that the chemicals added to 
sewage are often wasted from insiifficieDt 
Btirriug. Not only is it the case tbi 
they do not precipitate so much 
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might, but the process of doeculation is 
imperfect, and the difficulty of obtaining 
a dear effluent correspondingly great. 

5. It is essentinl that there should be 
sufficient tikntc uccommodjition. Let me 
note sufficiency of tank accommodation is 
necessary for two reasons — (1) That the 
precipitate may subside perfectly, and 
leave a clear oolorlcsB effluent Shallow 
tanltB, with conBidemhle velocity of sew- 
age through them, or insufficient tonic 
accommodation, means imperfect subsi- 
dence. Imperfect subsidence means the 
discharge of a certain quantity of floocu' 
lent organic matter iu the effluent (the 
mineral matter being more hkely to be 
deposited from its greater specific gravity), 
and which floccnlent matter is likely to 
occasion nuisance fi'om its decompi 
tion. The treated sewage should flow 
through at least two subsiding tanks in 
series, the first being capable of holding 
one hour's fiow, and the second not less 
^ than four hours' fiow. The tanks shoidd 
» at least four feet deep, and the OV^ 
low of the defecated ae^s-ga ^tM)Mk.>K 




over a weir, not more than an inch beloi 
the surface. There should be a doable- J 
Bet of tanks for aucceBBful working. 

(2) SnfBoieney of tank accommodation.! 
is bIbo important, bo that the sludgt) may. I 
be frequently removed, otherwise the ■ 
freahly precipitated sewage may be con- 
taminated by the decompoaing materiala 
of a previous precipitation, or a nuisance . 
result from a collection of decomposing 
matter. Many a good efflnent ia spoilt 
by foul materinlB being allowed to collect 
in the Bubsidiug tnnks. Tbeee miiterialB 
undergo putrefaction, the gases given off 
ocmtaminating the efSuent. The solid 
matters, becoming specificulty lighter 
tfaan the liquid by the gases of putrefac- 
tion developed in and amongst them, rise 
to the surface, the floating black masses 
preeenting an objectionable appearance, 
Uid discharging offensive products into 
the ^. After a time these hlack iiiasHes 
sink, and IhiiB, by constant commotioQ 
of the precipitated matters, n turbid 
effluent, with a more or less fonl emell. 
Insults. 
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6. That the defecated water should 
flow through a shallow open conduit of 
not less than a quarter of a mile before 
being discharged into the stream. 

7. The stream into which the effluent 
is discharged should have a free nm, 
and in volume be not less than eight times 
the volume of the defecated sewage. 

8. That the tanks themselves should 
not only be emptied of the sJudge, but 
thoroughly cleansed before being re- 

I filled. 

,!' The extent of tank accommodation 

i needful will depend a good deal on the 

■*1 dilution of the sewage to be dealt with, 

j either by subsoil or surface waters, or by 

both, and whether the treatment em- 
i ployed be intermittent or continuous. 

The following gives the tank cai^acity 
I provided at certain successful works : — 
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The most suitable depth for tanks is 
from 5 to 6 feet. 

It may be worth noting the rate at 
which the precipitated matters deposit 
when the treatment with lime and sul- 
phate of alumina is efficient, and the 
sewage collected in tanks of 5 feet 6 
inches. The water begins to clear a few 
minutes after the cessation of agitation. 
In thirty minutes it clears to a depth 
of 3 feet, with 8 inches precipitate, 
while after two hours the precipitate 
will measure 4^ inches only. 

All this accomplished, two questions 
remain: (1.) Have you produced such 
an effluent that it will not pollute the 
watercourses? (2.) Is not the sludge 
certain to cause a nuisance? 

That a clear, colorless, non-frothing 
effluent can be produced by mere chemi- 
cal precipitation, is not a matter of opin- 
ion, but of fact. That an effluent abso- 
lutely without smell can be produced, I 
doubt. The smell, however, of the efflu- 
nt from properly treated sewage is not 
he odor of sewage. I have never, I can- 
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didl; confess, foimd an effluent witboul 
a oertam smell. I have heard a well-' 
known authority ascribe it to the pres- 
ence of minute traces of essential oils or 
strong smelling bodies {e.g., onions), dif- 
ficult of removal by precipitants. If the 
effluent is to be discharged into the sea, 
or into a tidid or large river (say 200 or 
300 times the volume of tbe effluent), 
this odor is absolutely immaterial; but 
where great purity is required, e.;;., whi 
the effluent has to be discharged into a 
email stream or into a river employed 
a short distance from tbe outfall for 
drinking purposes, some further treat- 
ment is called for. 

Such further treatment consists eithi 
(1) in the use of artificially prepared fil- 
ter beds, such as are need for the filtra- 
tion of water, or (2) by lilti-ation through 
a email area of land. 

Of these two methods, I prefer the 
latter. After careful consideration, I con- 
sider that for this purpose an acre to 
every 6,000 to 7,000 people (as I have 
before noted) is abundant. I shall not 
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diacnsa any question of manurial value, 
although I may point out that the am- 
monia of sewage is not appreciably sf- 
fected by ordinary cbemiciil preeipitants. 
(2.) le not the sludge an inevitable 
canae of nuisance T I confess it may be, 
and often has been. Allowing the shidge 
to accumulate week after week in the de- 
positing tanks, is not only an evil (as I 
have pointed out) so far as our endeav- 
ors to procure a good effluent is con- 
cerned, biit an unmitigated nuisance, so 
far as relates to the sludge. Further, 
the old method of emptying the sludge 
into open sludge pita, where the liqmd 
portion was allowed to di-ain awayand- 
evaporate, has proved a constant t 
of just complaint, more especiallyii 
weather. I am not sure whetbOT i 
sludge, under these conditions, was fl 
sometimes a greater nuisance after bq 
taken out of the sewage than when I 
in it. Until lately the difficulty of f 
disposal of the sludge was one ii^« 
to all precipitation works. Until lafl 
I said — because now tV\a 6i&co\\.-^ ia w 
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It is essentia], both in the interests of 
the effluent and ot the alndge, that it 
should be frequently removed from the 
tanis — I mean that the sludge should be 
removed before putrefactive decomposi- 
tion sets in. This frequent removal ie 
neceaeary (1) so that the eftluont may ni 
be polluted, and (2) so that no nuisani 
may result during thu removal of 
shtdge and the cleansing of the tan) 
For here I mast express a strony opinion^ 
tJiat it is not enough merely to empty 
the tank of sludge, but it is imperative 
that, after being emptied, and before 
being refilled, the tank should be well 
cleansed — in other words, that the mat- 
ters which stick to the sides of the tank 
nhould be completely and efficiently re- 
moved to prevent nuisance or fouling 
aabaeqaent decomposition. 

It would be outside my province 
de&t with the methods of raising 
sludge out of the tanks. Thin is a pi 
mcKthanica! question. The sludge 
thick blauk liquid, which may be pumj 
out of the tanks or lifted out by bu< 
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pumps into troughs, which serre to con- 
vey it wherever it may be wanted. 

I am indebted for the table on page 199 
to the manager of a sewage works in a 
residential neighborhood of a population 
of 18,000. The process used is lime and 
sulphate of alumina. The sewage is 
pressed in one of Johnson's presses : 

The record of sludge begins on Feb- 
ruary 16, 1885, and ends on February 16, 
1886. The wet sludge is got by a series 
of eighty different actual measurements 
on various days throughout the year. 
The i^ressed sludge is got by keeping 
a record of the number of times the 
presses were emi)tied on every day in the 
year. A cubic yard of wet sludge is 
taken as weighing .98 of a ton, and a 
cubic yard of pressed sludge as weighing 
.75 of a ton (actual determinations). 

The following details are taken from 
Mr. Lacey's report to the Brentford 
Local Board, on '* The Disposal of Sew- 
age Sludge." (See page 200.) 
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It will bti convenient at this point to'l 
consider the amount of sludge pro- 1 
duced, ite value as a manurial agents I 
and the method euggeeted for its dis* U 
posal. I 

I. ^Amount of Sludge. I 

The quantity of sludge varies enor- 1 
moualy, according to the amount ot I 
sewage, and the precipitante employed. I 
Thus, at Coventry the sludge fi-om I 
1,000,OOU gallons is about 1S.6 tons, j 
whereas at Birmingham it varies from 25 I 
to 33 tons. I 

The quantity of sludge produced from 1 
a given quantity of sewage will vaiy ac- I 
cording to loual circumatancea and con- t 
ditions ; such for instance as the charac- 
ter of the soil, the condition of the streets 
and roads, whether surface water bo 
wholly or in part admitteil to or excluded 
from the sewers, whether manufacturing 
refuse is included in the sewage to ba 
treated, whether or no the w. e. lie i 
geiieral use, and whether the process o 
precipitation be complete and efficient a 
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In a town where w.c.*s are in general 
use, where the soil is of gravel and sand, 
where surface water is partially admitted 
into the sewers, where there are no 
manufactories, and where precipitation 
is well and efficiently done with chemicals 
of modem bulk, the proportion of pressed 
sludge containing 50 per cent, of moist- 
ure, may be taken at .6 (six tenths) of a 
pound per head per day, or about 2 tons, 
14 cwt., daily per 10,000 of the population. 

The principle is right: — Consistent 
with efficiency, produce as Httle sludge 
as practicable ; and this for two reasons 
— (I) that if it has any value, you secure 
its maximum value ; whilst (2) if it has 
no value, you have the less to get rid of. 
Thus with some precipitants you get a 
large volume of valueless sludge. With 
sulpbate of alumina you get comparatively 
little sludge, but a material of greater 
value. Of course it may be argued that 
the more sludge you obtain, the more 
perfect has been the removal of the im- 
purities of the sewage. This may or 
may not be true. 
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II. — Composition ajsid Value of Sludge. 

I am anxious at once to say that I 
place no intrinsic value on the sludge 
whatsoever. An estimate of the value of 
sludge from different places has been 
given on high authority, but it is better 
to regard the sludge as a thing to be got 
rid of, and as a thing which, to be got rid 
of, must cost money and may not bring 
money. The following table of the 
analyses of sludge from various places, 
and by various methods of precipitation, 
have been given by Dr. Wallace as fol- 
lows: 
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A table by Dr. Voelcker on the esti- 
mated and market values of one ton of 
sludge from places stated is here given : 

Estimated and Market Values of One Ton 
OF Sludge fbom Plages Stated (Voelokeb). 





Esti- 




Practical 




mated or 








theoreti- 


or market 




cal 








value.* 




value.t 


1. Bolton sludge (M and C 


£ s. 


d. 


s. 


d. s. d. 


process) 


9 


8^ 


3 


3 to 4 10 


2. Bolton sludge, 15 per cent. 




^'.rm 






of moisture 


1 1 


1 


7 


to 10 6 


8. Bradford sludge before 




lime was added 


11 


oyi 


8 


8 to 5 6 


4. Bradford sludge with 15 










per cent, of moisture. . . 


19 


3 


6 


5 to 9 6 


5. Bradford sludsre after 










treatment with lime 


4 


8 


1 


6 to 2 4 


6. Bradford slud^re with 15 










per cent, of moisture . . . 


1 


OH 


6 


8 to 10 


7. Aylesbury, ABC sludge. . 

8. Aylesbury, ABC sludge 


8 


4H 


2 


9 to 4 2 










with 15 per cent, of 










moisture 


16 


8^ 


5 


6 to 8 4 


9. Coventry sludge of Gen- 




eral Sewage Manure Co. 


16 


9V^ 


5 


6 to 8 4 


11. Rochdale Manure 


15 11>^ 


5 


4 to 8 


12. Halifax manure by Goux's 




process 


17 


7 


5 10 to 8 9 



* Calculated on the supposition that phosphate of 
lime is worth Id. per lb.; potash, 2d., and nitrogen (as 
ammonia) at 8d. 

t By this is implied its value as compared with good 
farmyard manure, which has a theoretical value of 
166. 7d., its market value being from 5s. to 7s. 6d. per 
ton. 
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The old system consisted in merely 
placing the sludge in pits, and allowing 
it to air-dry. In this condition it was 
sold or given to the farmers. I may 
mention here that a sludge containing 
90 per cent, of moisture can be reduced 
to 80 per cent, by forty-eight hours' 
draining, to 75 per cent, by three days' 
draining, and to 71 per cent, after a 
week's draining. After this, air drying 
is comparatively slow, although no doubt 
the admixture of porous substances would 
render drying more rapid and more com- 
plete. ► 

III. — Disposal of the Sludge. 

1. JolDisofts Process,— ^Y this pro- 
cess the liquid portion of the sludge is 
extracted by pressure in a series of com- 
partments. Each compartment is pro- 
vided with a canvas cloth, which acts as a 
strainer, and retains the solids as the 
liquid passes through. The sludge is 
driven into the compartments by com- 
pressed air, 100 to 120 lbs. per square 
inch, until they can hold no more. On 
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opening the press, a solid cake of com- 
pressed sludge is found in each compart- 
ment. The cake is compact, easily 
handled, and practically has no smell. 
It has a certain manurial value. 

It is worth while to consider a few 
details of pressing. The sludge, as pre- 
cipitated, contains on an average 90 per 
cent, of water, whilst the pressed sludge 
cake contains 50 per cent. By simple 
air drying, the 50 per cent, of moisture 
may be reduced to less than 20 per cent. 
Thus in every ton (2,240 lbs.) of un- 
pressed sludge, 2,016 lbs. is moisture, 
and 224 lbs. solid matter. After pressure, 
the 224 lbs. of sohd matter holds about 
224 lbs. of moisture, the removal of 1,792 
lbs., or about 179 gallons, of water hav- 
ing been effected. The time occupied in 
the compression of 5 tons is about one 
hour. The sludge cnke, according to 
Monro, contains from 0.6 to 0.9 per 
cent, of nitrogen, and over 1 per cent, of 
phosphoric acid. It has been the prac- 
tice to run back the liquid expressed 
from the sludge into the sewer, to be re- 
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treated. Professor Dewar and myself 
have pointed out that this course is un- 
advisable. The liquid thus expressed is 
exceedingly foul, although perfectly clear, 
and does not readily lend itself to ordi- 
nary ch emical precipitation . I will merely 
note that it requires separate treatment, 
and that our experiments indicate that 
chloride of lime or perchloride of iron in 
larger amount than is required for ordi- 
nary sewage may be rendered effective 
for the purpose. 

The manurial value of the pressed 
sludge cake from Coventry, Leyton and 
"West Ham, has been^the subject of care- 
ful investigation by Dr. Monro, from 
whom I have abstracted the percentage 
details of experiments on the dried 
sludge given in the following table : 
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Peboentags Details of Expekuiests o5 the 

Dried Sludge. 




Orfiraiiic matter 28.14 28.08 40.32 

Containing nitrogen. 1.36 1.35 1.82 

Potash 0.30 34 0.22 

TotalPtO». 2.43 2.04 ' 2.57 

Soluble PaOft 1.37 1.60 i 1.24 



The phosphoric acid in sewage sludge 
is chiefly in combination with alumina. 
Dr. Monro notes that whilst Coventry 
sewage contains much manufacturing 
refuse from dye- works, and West Ham 
sewage the refuse from industries of a 
most varied and polluting character, 
Leyton is a rural and suburban district, 
having no manufactures of any kind con- 
tributing to the sewage. 
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Dr. Monro has practically tested the 
agricultural value of these pressed sludge 
cakes, for the details of which the reader 
is referred to his original paper. Good 
crops of swedes were obtained. The 
three sludges gave almost identical re- 
sults as regards yield. The following 
were the results obtained by him with 
different dressings for comparison : 

Eesults Per Acre. 

Tons. Cwt. 

1. 10 to s farmyard manure 13 llj 

2. 4 cwt. superphosphate 11 2^ 

3. 5 tons Leyton sludge 10 4 

4. 5 tons farmyard manure 10 li 

5. 5 tons West Ilam sludge 9 8J 

6. 5 tons Coventry sludge 9 6^ 

7. 2 cwt. superphosphate with 2 

cwt. of nitrate. 9 o\ 

8. 2 cwt. superphosphate 9 4| 

9. 2 cwt. coprolite * 8 15^ 

10. 4 cwt. coprolite 7 10 

11. Unmanured 5 18 

From these details it is evident that the 
air-dried filter- pressed cake has a certain 
manurial value — at any rate, about equal 



211 



to farmyard manure — which possibly, 
considering how easily it may be stored 
.without causing a nuisance, may be 
worthy of being considered more fully 
than it has at present. It is worth 
noting that although the newly pressed 
cake is richer in nitrogen than farmyard 
manure, and contains more than double 
the amount of phosphoric acid, still that 
the manurial value is not greater, weight 
for weight. This Dr. Monro explains by 
differences of physical condition, viz., 
the loose texture of farmyard manure 
compared with the compact condition of 
the sludge cake ; the physical state of the 
one being as favorable to rapid oxidation 
and disintegration as that of the other is 
unfavorable. To overcome this difficulty. 
Dr. Monro suggests the reduction of the 
cake to a fine state of subdivision. 

The cost of procuring the sludge is 
stated by Mr. Hutchinson (to whose ex- 
cellent paper I must refer) as from 2s. to 
2s. 6d. per ton at Coventry. I have no 
records as to what the further cost of 
grinding would involve. 
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lime. (The superphosphate is to be pre- 
pared by mixing 20 cwt. of Cambridge 
coprolites with 17 cwt. of brown sul- 
phuric acid, sufficient water being added 
to render the mixture almost fluid). By 
this treatment the mixture (he states) 
becomes surprisingly inodorous, and 
dries with rapidity. The cost of chemi- 
cals he values at 16s. 6d. per ton of pre- 
pared manure, its removal from the 
tanks and subsequent drying being 38. 
6d. He considers it worth £3 10s. per 
ton. The sewage or liquid portion of 
the second tank, from which the organic 
matter has been recovered, is then to be 
treated with lime, and the precipitate 
thus obtained made into a cement. 

Major Scott seems to have overlooked 
the difficulty of effecting precipitation of 
the suspended matters of sewage (such 
as he is desirous of obtaining in the 
second tank) without the use of precipi- 
tants. Further, a limed sludge, when 
dried, is certain to lose ammonia, in 
other words, is certain to lose manurial 
value. 
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The deposit in the first tank Major 
Scott proposed should be burnt in a de- 
structor with waste cinders, and be used 
to reclaim a portion of the marshes. At 
any rate (he justly considers) it ought 
not to be allowed to pass into the river. 

(3.) Destructor, — The destructor has 
been carried to its greatest state of per- 
fection at Ealing, under the ingenious 
and careful management of Mr. Charles 
Jones. In this case, howeyer, the ashes 
of the district are mixed with the sludge. 
The chemicals used for precipitation are 
11.5 grains of clay and about 10 grains 
of lime per gallon, a little iron and 
alumina being also used. The sewage 
treated comes from a population of about 
18,000, and is equal to 600,000 gallons 
daily. About 157 cubic yards of sludge 
are obtained per week. This is mixed 
with about 100 cubic yards of ashes and 
house refuse. Before the mass is burnt 
in the destructor, about 25 p^r cent, of 
the liquid portion is allowed t^) drain 
away. 

It may be advisable here \a) note the 
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difficulties that have been met with gen- 
erally in the use of destructors : 

1. An escape of vapors that prove more 
or less offensive at a considerable dis- 
tance from the shaft. This depends on 
the materials having undergone incom- 
plete burning, in other words, that the 
materials in the destructor have been 
subjected to destructive distillation (in 
which case the products, consisting of 
various empyreumatic vapors, are offens- 
ive), rather than combustion, in which 
case the products would be simply water 
and carbonic acid, and inoffensive. No 
doubt, until lately, the escape of unbumt 
and partially burnt vapors, a very small 
quantity of which sufficed to cause a 
nuisance, have proved a serious objection 
to the use of destructors. 

2. The escape from the shaft of un- 
burnt or partially charred paper, fine 
sand, etc., at certain stages of the pro- 
cess. 

I do not hesitate to say that both of 
these difficulties are met in Jones' de- 
structor. This has been done by mixing 
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the sludge with the house ashes, thus 
assisting effective combustion. Mr. Jones 
lays down that every town supplies suffi- 
cient house refuse to burn its sludge. The 
main point, however, on which he relies, 
is the construction of a muffle furnace (a 
fume destroyer, as he calls it) between 
the furnace and the main shaft. As a 
result, not only is a greatly increased 
draught secured, but the combustion of 
unburnt vapors discharged from' the fur- 
nace in which the sludge is placed is 
secured. I may add that Mr. Jones in- 
forms me that the muffle furnace is kept 
going at a cost of Is. 6d. per day, but 
that this, in addition, gives 10 lbs. of 
steam for engi^ie purposes. He obtains, 
as a residuum from the furnace, 25 per 
cent, of hard clinker, which is utilized in 
various ways, viz., for artificial stone, 
road- making, etc. 

Various suggestions for what may be 
called fortifying the sludge have been 
suggested. Thus, Colonel Jones, of 
Wrexham, after drying the sludge to 20 
per cent, of ^loi^ture, adds to every 12 
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parts 7 parts of raw bone meal and one 
part of sulphate of ammonia. 

I do not propose discussing other sug- 
gestions for the disposal of shidge, sndi 
as the separation of the water by centiifa- 
gal machines — conrerting the sludge into 
a fael by admixture with other waste 
products — ^its conversion into a combus- 
tible gas — making it into bricks, etc 
(MonsoD ). These suggestions are scarcelj 
practical 



The question of cost must be consid- 
ered in conjunction with (1) the quantity 
of the sewage, (2) the quality of the 
Bewage (that is, the nature of the sewage 
other than mere excreta), (3) the flow per 
head, and (4) the standard of excellence 
required. 

As regards quantity, I wish to say that 
you cannot apply the cost of treating 
small volumes of sewage to the cost of 
treating large volumes, the t;:eatment of 
the former being more easily effected 
than the lattex. 
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Pbioes of Chemioals. 

Green copperas or proto-sulphate of 
iron can be obtained for about 20s. per 
ton. 

Lime can be obtained from 10s. to 15s. 
per ton. 

Sulphate of alumina can be obtained 
from 468. 6d. per ton, as per following 
analysis : — 

Moisture 5.94 

Crystallized sulphate of alumina 77.44 

** sulphate of iron 4.00 

Sulphates of alkalies and sulphuric acid. 6.82 
Insoluble iron and alumina 5.80 

100.00 

The annual cost of thoroughly and 
efficiently treating the sewage of Coven 
try, pressing the whole of the sludge 
etc., exclusiye of interest on plant, land, 
and depreciation — the population con- 
tributing being 45,000 persons, and the 
sewage containing large quantities of dye 
and manufacturing refuse — is £2,800 per 
annum, an Amount equal to Is. 3d. per 
head. 



220 

The cost at Hertford, where the sludge 
is not pressed, and manufacturing refuse 
is absent, with a population of 7,747, is 
£570 per annum, equal to Is. 5^d. per 
head. 



A few words only on the analysis of 
sewage. No single analysis of a sewage 
effluent is satisfactory as proof of good 
or of inefficient working. Knowing as 
we do that sewage varies from hour to 
hour, no accurate conclusion can be 
drawn as to the composition of the raw 
sewage or of the effluent, except by col- 
lecting half hourly, or at least hourly, 
samples during one entire period of 
twenty-four hours, and the various sam- 
ples mixed in the proportion of the fluid. 
The analysis of a sample of raw sewage 
and of an effluent taken about the same 
time are not comparable, because the 
passage of the sewage through the tanks 
is commonly the work of some hours. 
Supposing, for example, I collect a sam- 
ple of twelve Q»(^ock^«^^^e and a sample 
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of efflnent at the same time, the twelve 
o'clock sewage may be the very strongest 
sewage of the day, whilst the effluent 
sample is the effluent of the very weakest 
sewage. Precisely the opposite condi- 
tion may occur, viz., that I may compare 
the effluent of the strongest sewage with 
the weakest raw sewage delivered. 

Further, in all cases where analyses 
are made for test purposes, the weather 
should be noted, the rainfall and the flow 
being compared with the average flow. 
For accurate purposes a normal condi- 
tion of flow should be selected, and com- 
parison made between the average of 
twenty-four hours' sewage and twenty- 
four hours' effluent. 



As regards the analysis of sewage, it is 
advisable to estimate the quantity of the 
matters in suspension, and in these the 
amount of mineral and organic (with 
volatile) matters. In addition to this, 
I have of late adopted the system of esti- 
mating the organic carbon and nitrogen, 
and the oxygen required io o^Adcoj^ V^ga^ 
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organic matter in the efflnent witbont 
removing the suspended matter. Seeing 
that the real issne is the condition of the 
effluent, I consider this method preferable 
to an analysis of the clear efflnent after 
the removal of the suspended matter. 

I pro])ORe the following form as one 
wliicli convevs the best information that 
cljemistry can afford as to the chemical 
composition of a sewage and of an 
effluent: — 

77/f rf'HultH are ntaled in grains per imperial gal- 
lon of 70,0f)0 grains. 

MattfTH in Suspension — Total 

(«; Or<ranic and volatile. . . . 
{;-i) Mineral 

The folloirinff flefailn hnre ftcen ofjtained from the 
('■(Ihicnt ir.Uhoiit the reirutral of the Sf/spendcd 
iimttevH : — 

ToImI solids ^suspended and dissolved) 

Airimojiin 

(/Iilor'me 

('Iil()rid(* of sodium 

Nitro«;('ii ras nitrites and nitrates). . . , 
Oxy/rcii reipiired to oxidize organic 

mutter 

Organic earlxm 

Organic nitrogen 
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To get rid of execretal filth with the 
least possible delaj is no donbt the 
teaching of sanitanr science. The advo- 
cates of the water closet urge that water 
as a Tehicle to cany the refuse commends 
itself to ns on the" ground of ^ conven- 
ience, cleanliness and cheapness. Thev 
would compare, with plausible'argument, 
the natural power of gravitation (such as 
is made use of in the water closet) with 
an organization of men and carts (such 
as is required by the dry earth system). 
The advantages, at first sight, seem all on 
one side. Facts, however, point in an 
opposite direction. Dilution with water 
is the best known method of rendering 
practically useless whatever is valuable 
in sewage — indeed, worse than useless, 
an ungovernable nuisance. The excreta 
of animals are no doubt intended for the 
food of plants, and for our use through 
their intervention. Of course, do what 
we will, nature will assert herself and her 
plans. But nature is embarrassed by 
* our meddlesomeness. The nutritive food 
of the plant we drown in water, our in- 
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genuity failing when we attempt to deal 
with the filthy mixture. We cannot 
utilize it, unless we abandon all sanitary 
precautions ; it pollutes our air, renders 
our ground a stinking morass, and defiles 
our watercourses. Thirty gallons of 
water daily per head is brought to us 
who live in London, from pure sources, 
at great cost, and with great engineering 
skill; filtered, often refiltered, with ex- 
traordinary care ; stored with scrupulous 
anxiety; analyzed by one chemist after 
another. It is, however, a striking fact 
that only l-90th part of the entire water 
supply is used for drinking purposes, a 
large quantity being destined to become 
the diluent of our sewage, to perplex us 
by its quantity, to bother us by its use- 
lessness, and to steal our health by 
the perpetual nuisance it occasions. 
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cial and Scientific Uses. Square 33me, limp cloth 90 

CRAIG (ProC THOS.) ElemenU of the Mathematical Theory 
of Fluid Motion. i6mo, cloth 125 

DAVIS (C. B.) and RAE (F. B.) Hand-Book of Electrical Dia- 
grams and Connections. Illustrated with 33 full-page illus- 
trations. Second edition. Oblong 8vo, cloth extra 2 00 

DIEDRICH (JOHN). The Theory of Strains : a Compendium 
tor the Calculation and Construction of Bridges, Roofs, and 
Cranes. Illustrated by numerous plates and diagrams. 
8vo, cloth 5 00 

DIXON (D. B.) The Machinist's an^ Steam-Eneineer's Prac- 
tical Calculator. A Compilation of useful Rules, and Prob- 
lems Arithmetically Solved, together with General Informa- 
tion applicable to Shop*Tools, Mill-Gearing, Pulleys and 
Shafts, Steam-Boilers and Engines. Embracing Valuable 
Tables, and Instruction in Screw-cutting, Valve and Link 
Motion, etc. i6mo, full morocco, pocket form . . .(In press) 

DODD (GEO.) Dictionary of Manufactures, Mining, Ma- 
chinery, and the Industrial Arts. i2mo, cloth 150 

DOUGLASS fProf S. H.) and PRESCOTT iProf A. \i.) Qual- 
itative Chemical Analvsis. A Guide in the Practical Study 
of Chemistry, and in the Work of Analysis. Third edition. 
8vo, cloth 3 50 

DUROIS (A. jr.) The New Method of Graphical Statics. With 

60 illustrations. 8vo, cloth i ^ 

EASSIE (P. B.) Wood and its Uses. A Hand-Book for the use 
of Contractors, Huildcrs, Architects, Enii^neers. and Tim- 
ber Merchants. Upwards of 2SO illustrations. 8vo, cloth. 150 

EDDY (Prof. H. T.) Researches in Graphical Statics, embrac- 
ing New Constructions in (>raphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal 
Stress in Graphical Statics. 8vo, cloth i ^ 

ELIOT (Prof. C. W.) and STOKER (Prof. F. H.) A Compen- 
dious Manual of Qualitative Chemical Analysis. ^ Revised 
with the co-operation of the authors. By Prof. William R. 
Nichols. Illustrated. i2mo, cloth i 50 

ELLIOT (Maj. GEO. H., U. S. EJ European Light-House 
Systems. Being a Report of a Tour of Inspection made in 
187^. 51 engravings and 21 wood-cuts. 8vo, cloth 5 qo 



D. VAN NOSTRAND's PUBLICATIONS. 5 

ENGINEERING FACTS AND FIGURES. An Annual 
Register of Progress in Mechanical Engineering and Con- 
struction for the years 1863-61-65-66-^-68. Fully illus- 
trated. 6 vols. iBmo, cloth (each volume sold separately), 
per vol (250 

FANNING J. T.) A Practical Treatise of Water-Supply En- 

f'lneering. Relating to the Hydrology. HydroJynamics, and 
ractical Construction of Water-^ orks in North America. 
Third edition. With numerous tables and x8o illustra- 
tions. 650 pages. 8vo, cloth 500 

FISKE (BRADLEY A.. U.S. N.) Electricity in Theoiy and 
Practice. 8vo, cloth ...•-.... 2 ^ 

FOSTER (Gen. J. G., U. S. A.) Submarine Blasting in Boston 
Harbor, Massachusetts. Removal oi Tower and Corwin 
Rocks. Illustrated with seven plates. 4to, cloth 3 50 

FOYE (Prof. T. C.) Chemical Problems. With brief State- 
ments of tne Principles involved. Second edition, revised 
and enlarged. i6mo, boards 50 

FRANCIS (J AS. B., CE.) Lowell Hydraulic ExperimenU: 
Being a selection from Experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in Open Canals of Uni- 
form Rectangular Section, and through submerged Orifices 
and divereing Tubes. Made at Lowell^ Massachusetts. 
Fourth emtion, revised and enlarged, with many new ex* 
penments, and illustrated with twenty-three copperplate 
engravings. 4to, cloth 15 00 

FREE-HAND DRAWING. A Guide to Ornamental Fieure 
and Landscape Drawing. By an Art Student. zSmo, 
boards 50 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic Ce- 
ments, ana Mortars. Papers on Practical Engineering, U. 
S. Engineer Department, No. 9^ containing Reports of 
numerous Experiments conducted in New York City during 
the yeaurs 1858 to 1861, inclusive. With numerous illustra- 
tions. 8vo, cloth 400 



Practical Treatise on the Construction of Roads, Streets, 



and Pavements. With 70 illustrations. i2mo, cloth a 00 

— Report on Strength of the Building Stones in the United • 
States, etc. 8vo, illustrated, cloth 150 

Coignet Beton and other Artificial Stone. 9 plates, views. 



etc. ovo, cloth a so 

GOODEVE (T. M.) A Text-Book on the Steam-Engine. 143 

illustrations, xamo, cloth a 00 

GORDON J. E. H.) Four Lectures on Staticlnduction. lamo, 
ckich 80 
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GRUNER (M. L.) The Manufacture of Steel. Translated 
from the French, by Lenox Smith, with an appendix on the 
Hessemer process m the United States, by the translator. 
Illustrated. 8vo, clutb $3 SO 

HALF-HOURS WITH MODERN SCIENTISTS. Lectures 
and Essays. Hy Professors Huxley, Barker, Stirling, Cope, 
Tyndall, Wallace, Roscoe, Hu^gins, Lockycr, Young, 
Mayer, and Rccd. Being the University Series bound up. 
With a general introduction by Noah Porter, President of 
Yale College, a vols. i2mo, cloth, illustrated 2 50 

HAMILTON (W. G.) Useful Information for Railway Men. 
Sixth edition, revised and enlarged 562 pages, pocket form, 
Morocco, gilt 200 

HARRISON (W. 1{.) The Mechanic's Tool Book, with Prac- 
tical Rules and Suggestions for Use of Machmists, Iron- 
workers, and others. Illustrated with 44 engravings. 
I2mo, cloth 150 

HASKINS (C. H.) The Galvanometer and its Uses. A Man- 
ual for Electricians and Students. Second edition. Z2mo, 
morocco i 50 

HENRICI (OLAUS). Skeleton Structures, especially in their 
application to the Building of Steel and Iron Bridges. With 
folding plates and diag^^ams. bvo, cloth I ^ 

HEWSON (WM.) Principles and Practice of Embanking 
Lands from Kivcr Floods, as applied to the Levees of the 
Mississippi. 8vo, cloth a 00 

HOLLEY (ALEX. L ) A Trcatiscon Ordnance and Armor, em- 
bracing descriptions, dis(^ussions, and professional opinions 
concerning the materials, lubrication, requirements, capa- 
bilities, and endurance of European and American Guns, 
for Naval, Sea-Coast, and Iron-Clad Warfare, and their 
Rifling, Projectiles, and Bieech-Loading ; also, results of 
" - expenmcnts against armor, from official records, with an 
appendix referring to_ Gun-Cotton, Hooped Guns, etc., etc. 
948 pages, 4(j3 engravings, and 147 Tables of Results, etc. 
8 vo, half roan . ..1000 



— Railway Practice American and European ^ Railway 

Practice in the economical Generation of Steam, including 
the .Materials and Construction of Conl-buming Boilers, 
Combustion, the Variable Blast, Vapoiizaiion, Circulation, 
Superheating, Sui>i)lying and Heating Fetd-water^ etc., 
and the Adaptation c)!' Wood and Coke-burning Engines to 
Coal-buniing; and in Permanent Way, including KoaCd-bed, 
Skcntrs, Rails, Joint-fastenings, Street Railways, etc , etc. 
With 77 lithographed plates. Folio, cloth i 

HOWARD (C. R.) Earthwork Mensuration on the Basis of 
the Prismoidal Formulae. Containing simple and labors 
saving method of obtaining Prismoidal Contents directly 
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